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JANUARY  1816. 

I.  The  Influence  of  Magnetism  on  Molecular  Arrangement. 
By  Robert  Hunt,  Keeper  of  Mining  Records,  Museum  of 
(Economic  Geology. 

[With  a  Plate.]        p"  ■ 
To  Richard  Phillips,  Esq.,  F.R.S. 
Dear  Sir, 

AVING  been  engaged  some  time  since  in  investigating 
the  influences  of  bodies  on  each  other  in  the  dark,  the 
results  of  which  investigations  were  published  under  the  title 
of  "Thermography,"  I  then  observed  many  peculiar  effects 
which  led  me  to  believe  that  magnetic  electricity  had  some  in- 
fluence in  determining  the  arrangements  of  molecules.  From 
that  time  until  a  few  days  since,  the  subject  has  rested  with 
me  without  any  further  research.  Having  however  put  the 
subject  to  the  test  of  experimental  examination,  I  am  induced, 
the  results  being  of  great  interest,  to  transmit  to  you  an  ac- 
count of  my  experiments.  In  doing  this,  I  shall,  for  the  pre- 
sent, confine  myself  strictly  to  a  description  of  the  arrange- 
ments used  and  the  results  obtained,  reserving  any  theoretical 
views  for  some  future  period,  when  by  a  greater  number  and 
variety  of  experiments  it  appears  probable  some  general  law 
of  action  may  be  satisfactorily  deduced. 

1.  I  placed  a  concentrated  solution  of  nitrate  of  silver  in  a 
test-tube,  against  the  poles  of  a  permanent  horse-shoe  magnet, 
having  another  tube  containing  a  similar  solution  not  in  con- 
tact with  it.  The  crystallization  commenced  first  in  the  tube 
connected  with  the  magnet,  immediately  at  the  point  opposite 
the  upper  surface  of  the  metal  (Plate  II.  fig.  1) ;  a  large  tabular 
crystal  shot  off  from  this  point  towards  the  bottom  of  the 
glass,  dividing  the  lower  portion  of  the  fluid  in  two  parts. 
Other  crystals  sprung  off  from  different  points  above  and  be- 
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low  this  crystalline  plate,  but  all  of  them  arranged  themselves 
at  angles  inclining  towards  the  magnet;  no  crystallization 
taking  place  in  the  upper  stratum  of  the  fluid.  In  the  other 
tube,  crystals  formed  irregularly  throughout  the  fluid,  but  in 
no  part  were  the  crystals  so  dense  as  in  the  tube  which  I  sup- 
pose to  be  under  the  influence  of  magnetism. 

2.  With  a  view  of  determining  if  the  cooling  influence  of 
the  metal  had  anything  to  do  with  the  crystalline  arrangement, 
portions  "of  the  same  solution  of  nitrate  of  silver  were  put  into 
glass  capsules.  One  of  these  was  placed  against  the  poles  of 
the  magnet,  and  the  other  in  contact  with  a  mass  of  brass  of 
the  same  weight.  In  the  first,  crystallization  commenced  op- 
posite the  north  pole  of  the  magnet,  and  proceeded  slowly  in 
regular  lines  to  crystallize  over  every  part ;  all  these  lines  have 
a  tendency  towards  the  poles  of  the  magnet.  In  the  capsule 
in  contact  with  the  brass,  crystallization  commenced  at  a  point 
furthest  from  the  metal,  and  even  when  the  fluid  had  become 
quite  cold,  nearly  one  quarter  of  it,  which  was  nearest  the 
mass  of  metal,  remained  quite  free  from  any  crystalline  forma- 
tion. 

3.  To  exhibit  this  in  a  more  striking  manner,  a  capsule  was 
placed  between  the  mass  of  brass  and  the  magnet,  in  con- 
tact with  each,  as  shown  in  fig.  2 ;  the  solution  of  nitrate  of 
silver  in  this  case,  not  being  so  concentrated  as  that  previ- 
ously used,  the  arrangement  was  allowed  to  remain  at  rest  for 
some  hours.  It  was  then  found  that  crystallization  had  taken 
place  only  over  one  portion  of  the  fluid,  and  that  immediately 
in  connexion  with  the  north  pole  of  the  magnet,  except  three 
long  crystals  which  sprung  from  the  fluid  opposite  the  south 
pole,  and  were  directed  towards  those  springing  from  the 
north  pole.  This  experiment  was  repeated  four  times,  and, 
except  when  the  solution  was  so  concentrated  as  to  crystallize 
almost  immediately,  the  same  result  was  obtained. 

4.  The  phenomenon  of  molecular  disposition  under  mag- 
netic influence  is  pleasingly  seen  by  a  modification  of  the  ar- 
rangement described.  The  two  glass  capsules  with  their  so- 
lutions are  placed  on  a  plate  of  glass  blackened  on  its  under 
surface,  one  glass  being  put  in  contact  with  the  brass  and 
the  other  with  the  magnet.  Their  images  are  to  be  observed 
in  the  black  mirror  on  which  they  rest,  the  light  falling  upon 
them  at  an  angle  of  about  25°.  As  the  fluids  cool,  the  cir- 
culating currents  coloured  by  their  refracting  powers  are  seen 
in  the  mirror.  In  the  image  of  the  capsule  in  contact  with 
the  brass,  no  regularity  of  circulatory  movement  is  observable; 
but  in  that  under  magnetic  influence,  a  series  of  perfectly  re- 
gular curved   lines  proceed  from   the  circumference  to  the 
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centre;  ami  these  are  crossed  by  small  streamers  springing 
laterally  from  these  primary  curves,  presenting  an  appearance 
similar  to  that  shown  in  fig.  3.  These  curves  are  constantly 
varying  in  position,  but  they  uniformly  preserve  the  utmost 
regularity. 

5.  The  magnet  was  suspended  from  a  tripod,  and  two  steel 
needles  attached  to  its  poles;  these  needles  were  made  to  dip 
into  a  solution  of  nitrate  of  silver  in  a  watch-glass.  As  the 
pellicle  formed  over  the  surface,  it  arranged  itself  in  a  series 
of  curved  lines,  as  represented  in  fig.  4,  which  are  strikingly 
similar  to  those  produced  by  sprinkling  iron-filing  on 
stretched  paper  placed  over  a  magnet.  That  these  curves 
are  due  to  magnetic  influence  there  can  be  no  doubt,  as  no 
such  effect  could  be  produced  by  any  cooling  influence,  inde- 
pendent of  magnetic  excitation. 

6.  A  similar  arrangement  was  allowed  to  remain  in  action 
for  twelve  hours.  At  the  end  of  this  time  crystallization  had 
taken  place  in  every  part  of  the  fluid,  but  there  was  an  evi- 
dent tendency  to  a  curvilinear  arrangement  of  the  crystals. 
Around  the  wire  depending  from  the  north  pole  of  the  mag- 
net, some  revived  silver  had  made  its  appearance :  no  such 
change  was  discovered  at  the  south  pole. 

7.  Wires  similarly  suspended  were  dipped  into  a  solution 
of  sulphate  of  iron.  Crystallization  commenced  around  the 
wire  at  the  north  pole,  but  after  a  few  hours  crystals  had 
formed  around  both  of  the  wires,  but  in  the  greatest  quantity 
around  the  north  pole  wire.  On  removing  them  from  the  so- 
lution, the  crystals  were  found  to  present  an  arrangement  si- 
milar to  that  represented  in  fig.  5,  showing  obviously  a  ten- 
dency to  arrange  themselves  along  lines  of  magnetic  direc- 
tion. 

8.  A  solution  of  protonitrate  of  mercury  was  placed  under 
similar  circumstances;  crystallization  commenced  at  the  wire 
suspended  from  the  north  pole,  and  proceeded  rapidly  to  a 
line  midway  between  the  two  wires;  one-half  of  the  fluid  being 
crystallized  and  the  other  remaining  fluid.  At  length  a  few 
crystals  formed  around  the  wire  hanging  from  the  south  pole, 
which  all  took  a  direction  towards  the  opposite  arrangement 
of  crystals. 

9.  With  a  more  dilute  solution,  the  crystallization  of  the  ni- 
trate of  mercury  took  place  only  around  the  wire  at  the  north 
pole,  and  immediately  at  the  central  point  between  the  two 
wires,  from  which  small  needle-shaped  crystals  radiated  to- 
waids  either  pole. 

10.  A  plate  of  glass,  with  an  edge  of  clay,  forming  a  shal- 
low trough,  was  placed  upon  the  poles  of  an  electro-magnet, 
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capable  of  supporting  fifty  pounds  when  connected  with  a 
single  galvanic  pair  excited  by  water  acidulated  with  sulphu- 
ric acid.  On  pouring  a  warm  and  tolerably  strong  solution 
of  nitrate  of  mercury  into  the  trough,  there  was  immediately 
formed  over  the  surface  a  series  of  beautifully  regular  curves 
from  pole  to  pole,  as  shown  in  fig.  6,  which  also  represents 
the  arrangement. 

11.  A  similar  glass  trough,  filled  with  a  moderately  strong 
solution  of  the  nitrate  of  mercury,  was  supported  on  the  poles 
of  the  same  electro-magnet,  connected  with  a  small  battery  of 
a  more  permanent,  but  less  powerful  arrangement,  and  all  was 
allowed  to  remain  at  rest  until  crystallization  had  taken  place. 
The  result  was  similar  to  that  already  described  (9.),  but 
much  more  strikingly  shown.  The  order  of  arrangement 
taken  by  the  crystals  is  shown  in  Plate  II.  fig.  7. 

12.  A  plate  of  copper  with  an  edging  of  wax  was  placed  on 
the  electro-magnet  in  the  same  manner  as  the  glass  plate; 
over  it  a  very  weak  solution  of  nitrate  of  silver  was  quickly 
poured;  the  plate  immediately  blackened  from  the  decompo- 
sition of  the  silver  salt  by  the  copper.  In  about  a  minute  the 
finely  divided  silver  arranged  itself  into  curves,  as  represented 
in  fig.  8,  which  were  after  a  few  minutes  again  destroyed.  By 
using  a  sheet  of  chemically-pure  copper,  obtained  by  electro- 
type deposit,  I  found  a  permanent  impression  of  these  curves 
could  be  obtained,  owing  to  the  oxidation  of  the  copper  along 
the  spaces,  which  the  finely  divided  silver,  when  distributed  in 
curve-lines,  did  not  cover. 

13.  A  plate  of  hard  copper,  such  as  is  used  by  engravers, 
was  placed  in  precisely  the  same  circumstances,  and  covered 
with  a  tolerably  strong  solution  of  nitrate  of  silver.  It  was 
left  in  contact  with  the  electro-magnet  for  a  night.  On  wash- 
ing off  the  deposit  of  silver  which  covered  it,  it  was  found  that 
the  acid  of  the  silver  salt  had  bitten  deeply  into  the  plate  over 
an  oval  space  around  the  poles,  leaving  a  small  space  between 
them  quite  bright.  The  copper  over  this  etched  space  was 
covered  with  an  immense  number  of  minute  holes;  and  be- 
yond this  the  oxidation  of  the  surface  had  proceeded  in 
curved  lines,  as  represented  in  fig.  9.  We  thus  have  perma- 
nent evidence  of  the  influence  of  magnetic  force  in  determi- 
ning chemical  action. 

14.  Into  one  of  the  glass  troughs  before  named,  placed  on 
the  electro-magnet,  a  weak  solution  of  nitrate  of  silver  was 
poured,  and  into  this  an  equally  weak  solution  of  sulphate  of 
iron.  In  about  five  minutes  precipitation  of  silver  commenced ; 
this  precipitate  arranged  itself  over  the  glass  in  curves  pro- 
ceeding from  and  around  the  poles  in  the  same  manner  as  it 
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distributed  itself  over  the  copper  plate.  In  a  short  time,  pre- 
cipitation increasing,  two  curious  curved  spaces  were  formed 
by  the  fine  deposit,  proceeding  from  one  pole  towards  the 
other  in  opposite  directions,  increasing  in  width  as  they  pro- 
ceeded, until  they  were  abruptly  checked  at  a  little  distance 
from  the  poles  towards  which  they  were  directed ;  these  spaces 
being  very  distinct  from  the  first  formed  curved  lines.  Fig. 
10  represents  this  very  interesting  arrangement. 

These  experiments  are  sufficient  to  show  that  magnetism 
exerts  a  powerful  influence  on  molecular  arrangements,  and 
that  it  regulates  the  direction  of  crystalline  formations.  I 
hope  to  be  enabled  to  pursue  this  interesting  inquiry  still 
further ;  it  has  most  important  bearings  on  many  of  the  great 
phaenomena  of  nature,  and  I  am  therefore  anxious  thus  early 
in  my  inquiry  to  call  attention  to  the  singular  and  conclusive 
results  which  I  have  obtained. 

I  have  the  pleasure  of  remaining, 

Dear  Sir,  yours  truly, 

6  Craig's  Court,  Dec.  10,  1845.  Robert  Hunt. 


II.  On  certain  Pseudomorphous  Crystals  of  Quartz. 
By  Robert  Were  Fox,  Esq.* 

I  SUBMIT  to  the  Society's  notice  some  specimens  of 
quartz,  with  pseudomorphous  octahedral  crystals  of  the 
same  substance,  which  appear  to  me  to  possess  a  sort  of  hi- 
storical interest,  or  at  least  to  indicate  that  a  succession  of 
changes  must  have  occurred  in  the  condition  of  the  mineral 
vein  from  which  they  were  taken.  They  were  found  b}'  S. 
Peters  (dealer  in  minerals)  in  one  of  the  heaps  of  vein  stones, 
at  the  Consolidated  Mines,  and  I  understand  were  broken  from 
a  copper  vein  in  "  killas"  at  the  depth  of.  about  160  fathoms 
below  the  surface.  He  observed  that  many  of  the  crystals 
contained  water,  and  he  secured  some  of  it  for  me,  by  carefully 
breaking  some  of  them.  This  he  did  mostly  in  my  presence, 
and  we  had  considerable  difficulty  in  collecting  even  very  small 
portions  of  the  liquid  in  different  phials.  Two  of  these  por- 
tions were  nearly  tasteless,  or  saline  in  a  very  slight  degree, 
as  far  as  I  could  judge  from  a  single  drop  of  each.  In  both 
common  salt  was  detected,  and  nothing  else  in  one  of  the  por- 
tions; but  the  other,  when  evaporated,  left  minute  needle- 
formed  crystals,  which  I  was  prevented  by  an  accident  from 
examining.     The  third  portion  of  water  was  much  more  in 

*  Read  at  a  meeting  of  the  Cornwall  Polytechnic  Society,  on  the  8th  of 
October,  1845,  and  communicated  by  the  Author. 
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quantity  than  both  the  others — nearly  a  tea-spoonful,  and  ob- 
tained from  only  one  crystal.  It  was  very  acrid  to  the  taste, 
and  gave  very  copious  precipitates  when  tested  by  muriate  of 
barytes  and  hydrocyanate  of  potash,  showing  the  presence  of 
much  sulphuric  acid  and  iron.  Oxalate  of  ammonia  and  ni- 
trate of  silver,  indicated,  moreover,  the  presence  of  lime  and 
muriatic  acid.  The  saline  matter  in  this  water  (mostly  sul- 
phate of  iron)  was  equal  to  one-tenth  of  its  weight;  and  if  it 
contained  any  common  salt,  of  which  I  am  not  positive,  the 
proportion  was  very  small  indeed.  Litmus  paper  showed  an 
excess  of  acid,  the  nature  of  which  was  not  ascertained. 

Many  of  the  pseudomorphous  crystals  are  more  than  an 
inch  in  diameter,  and  are  partly  or  entirely  filled  with  cry- 
stalline quartz,  whilst  others  are  empty,  or  partly  filled  with 
more  or  less  numerous  fragments  of  disintegrated  fluor.  I 
counted  nearly  a  hundred  of  such  fragments  taken  from  one 
of  the  crystals  or  cavities,  exclusive  of  many  other  very  small 
pieces.  All  the  fragments  are  corroded,  and  indicate,  by  their 
rounded  edges  and  indented  surfaces,  the  action  of  a  solvent 
which  penetrated  most  readily  between  the  planes  of  cleavage*. 
Besides  this  disintegrated  fluor,  perfect  octahedrons  of  fluor 
occur  in  the  same  specimens;  but  they  were  rather  more  im- 
bedded in  the  quartz  and  more  protected  from  injury  than  the 
others.  Water  was  found  alone  in  some  of  the  pseudomor- 
phous crystals  or  cavities,  and  in  others  it  was  found  with 
fragments  of  fluor,  or  with  crystalline  quartz. 

The  most  perfect  pseudomorphous  octahedrons  occur  within 
large  cavities  of  quartz.  Some  of  the  latter  are  more  than 
two  inches  in  diameter,  having  the  same  form,  and  their  sides 
generally  parallel  to  those  of  the  former. 

The  quartz  specimens  to  which  the  crystals  are  attached, 
present,  when  broken,  the  appearance  of  fortification  agate, 
having  lines  parallel  to  their  structure  of  transparent  and 
milk-white  quartz,  differing  in  thickness ;  these  seem  to  indi- 
cate that  the  siliceous  matter  had  been  deposited  at  intervals 
of  greater  or  less  duration,  or  at  least  under  different  circum- 
stances. After  a  time  an  entire  change  of  conditions  appa- 
rently occurred  in  the  vein,  and  octahedral  crystals  of  fluor 
were  formed  on  the  quartz ;  then  silex  was  deposited  either  in 
a  compact  form,  or  in  minute  crystals,  and  coated  the  cry- 
stals of  fluor;  afterwards  fluor  again  appeared,  forming  octa- 
hedrons over  the  others,  and  mostly  with  sides  and  angles  par- 
allel to  them.      These  processes  appear  from  some  of  the 

*  When  crystals  of  alum  were  kept  for  a  time  in  water,  the  planes  of 
cleavage  were  first  acted  on,  and  fragments  were  separated  from  the  crystals 
resembling  those  of  the  disintegrated  fluor. 
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crystals  to  have  been  again  repeated :  then  came  a  coat  of 
silex  over  the  fluor,  or  judging  from  the  lines,  many  coats  of 
it,  forming  a  thick  crust,  having  a  surface  of  small  quartz 
crystals.  Some  specimens  were  found  at  the  same  time  with 
one  or  more  layers  of  quartz  between  two  or  more  portions 
of  fluor,  which  tend  to  confirm  these  views. 

I  think  it  may  be  inferred,  from  the  well-defined  and  smooth 
impressions  which  the  octahedrons  of  fluor  have  left  in  the 
quartz,  and  the  general  parallelism  of  the  sides  and  angles  of 
the  outer  cavities  to  those  of  the  smaller  pseudomorphous 
crystals  inclosed  in  them*,  that  the  inner  and  outer  crystals 
of  fluor  were  perfect  and  uninjured  until  after  the  whole  se- 
ries of  them  were  coated  with  quartz.  At  some  subsequent 
period  then  it  would  appear  that  other  changes  occurred  in 
the  vein,  and  that  the  solution  or  destruction  of  the  fluor  com- 
menced. Some  of  the  cavities  which  were  found  to  contain 
water  only,  as  well  as  those  which  contained  water  together 
with  disintegrated  fluor,  have  the  appearance  of  having  been 
so  hermetically  sealed,  that  it  is  difficult  to  understand  how 
the  liquid  solvent  could  have  obtained  access  to  the  fluor  and 
abstracted  it  from  its  case.  It  cannot  be  supposed  that  the 
pressure  of  the  column  of  water  above  it,  although  equal  to 
more  than  half  a  ton  on  some  of  the  larger  crystals,  could 
alone  have  produced  the  effects ;  for  not  only  must  the  solvent 
have  been  continually  admitted  through  the  crusts  of  the 
quartz,  but  the  salts  resulting  from  the  solution  of  the  fluor 
must,  at  the  same  time,  have  passed  through  thSm  in  the  op- 
posite direction, — a  sort  of  endosmose  and  exosmose  must  have 
existed,  as  I  conceive,  to  produce  the  phaenomena ;  whilst  in 
other  instances,  the  thick  envelopes  of  quartz  were  impervious 
and  protected  the  fluor  from  injury.  The  salts  resulting  from 
the  solution  of  the  fluor  must  have  been  soluble,  although  this 
condition  seems  to  present  some  difficulties  under  the  circum- 
stances of  the  case ;  and  doubtless  the  destruction  of  the  fluor 
was  very  slowly  effected  in  many  instances,  and  in  others  it 
was  begun,  but  never  completed.  The  differences  in  the  saline 
contents  of  the  water  obtained  from  some  of  the  crystals  is  an- 
other circumstance  of  some  interest,  indicating  the  existence 
of  different  conditions  in  the  vein  when  the  water  was  last  ad- 
mitted into  the  respective  crystals. 

The  phaenomena  exhibited  by  these  minerals  cannot,  I  con- 

*  How  are  such  coincidences  to  be  accounted  for?  Are  we  to  assume 
that  jwlarising  forces  have  determined  the  arrangement  ?  In  many  instances 
the  layers  of  quartz  which  were  interposed  between  the  crystals  are  very 
thin,  imperfect,  and  pervious  to  water;  but  in  others  they  are  not  so,  and 
some  of  the  inner  crystals  now  contain  water. 
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ceive,  be  accounted  for  but  by  supposing  the  water  existing  in 
the  fissures  of  the  earth  to  have  been  changed  by  circulation 
from  time  to  time,  and  to  have  been  charged  with  different 
ingredients  at  different  periods. 

I  have  on  former  occasions  alluded  to  various  causes  which 
would  produce  circulation  in  the  subterranean  waters,  such  as 
the  opening  or  closing  of  any  portions  of  fissures ;  the  ascent 
of  warm  and  the  descent  of  cooler  currents  of  water,  in  conse- 
quence of  the  differences  in  their  specific  gravities;  or  in  some 
instances  by  the  pressure  of  the  sea- water  acting  on  the  fresh*. 
Nearly  two  years  ago  I  stated  in  this  room  my  views  in  refer- 
ence to  the  operation  of  this  latter  cause  on  land  springs,  and 
at  the  same  time  I  attempted  to  show  the  possibility,  not  to 
say  probability,  of  steam  existing  in  fissures  below  the  water 
at  a  very  great  depth.  I  may  perhaps  be  permitted  to  refer 
again  to  this  subject,  because  it  appears  to  me  to  be  one  of 
some  interest.  I  then  took  it  for  granted  that  the  tempera- 
ture of  the  earth  increases  in  some  proportion  to  the  increase 
of  depth  below  its  surface,  and  that  if  the  ratio  be  taken  at  1° 
Fahr.  for  every  forty-eight  feet,  as  found  in  our  deep  mines, 
and  if  Le  Roche's  data  for  calculating  the  elastic  force  and 
density  of  steam  be  adopted,  the  forces  of  steam  and  of  water 
pressure  would  balance  each  other  at  rather  more  than  nine 
miles  deep,  each  being  equal  to  the  pressure  of  more  than 
1400  atmospheres.  The  density  of  the  steam  would  there  be 
about  one-fourth  that  of  water  at  60°  Fahr.,  and  its  tempera- 
ture above  1050°  Fahr.  But  the  temperature  may  probably 
not  increase  so  rapidly  as  this  at  great  depths,  and  the  equi- 
librium in  the  pressures  of  the  column  of  water  and  of  steam 
may  occur  much  further  below  the  surface,  where  the  density 
of  steam  under  an  augmented  pressure  of  water  would,  of 
course,  be  still  greater.  However  this  may  be,  it  would  seem 
that,  under  any  probable  circumstances  in  regard  to  the  ratio 
of  increase  in  the  earth's  temperature,  the  increase  in  the 
pressure  of  the  lengthened  column  of  water  would  not  keep 
pace  with  the  rapidly  increasing  tendency  of  the  water  in  de- 
scending into  more  heated  parts  of  the  earth  to  expand  into 
steam,  the  elasticity  of  which  at  very  high  temperatures,  when 
confined  and  in  contact  with  water,  is  greatly  augmented  by 
very  small  increments  of  sensible  heat. 

No  water  could  long  remain  unchanged  into  steam  below 
the  line  of  division  between  them,  and  there  the  steam  would 

*  Columns  of  sea  and  spring  water,  about  five  feet  high,  balanced  against 
each  other  in  a  U-shaped  tube,  more  than  a  year  ago,  still  remain  un- 
mixed, showing  nearly  the  same  difference  of  level  as  at  first  (exceeding 
an  inch). 
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be  denser  than  at  any  deeper  station,  for  it  would  be  continu- 
ally diminishing  in  density  in  descending  further,  from  the 
augmentation  of  the  temperature  of  the  earth,  because  the  ex- 
panding influence  of  the  increasing  heat  would  much  exceed 
the  condensing  influence  of  the  extended  column  of  steam, 
added  to  that  of  the  nearly  constant  column  of  water. 

The  line  of  demarcation  between  the  water  and  steam  would, 
doubtless,  conform  in  some  degree  to  the  inequalities  of  the 
surface.  It  may  be  difficult  at  first  to  conceive  the  steam  ca- 
pable of  supporting  the  water,  or  rather  of  existing  perma- 
nently under  it;  but  this  difficulty  will,  I  think,  be  obviated 
by  the  consideration,  that  the  points  of  contact  may  be,  for  the 
most  part,  in  very  narrow  fissures,  or  mere  cracks  in  the  rocks; 
and  that  the  water  being  greatly  heated,  may  be  much  less 
than  four  times  the  density  of  the  steam  in  immediate  contact 
with  it.  A  continual  struggle  would,  no  doubt,  exist  between 
the  water  and  steam  under  such  circumstances,  so  that  in 
many  places  they  would  alternately  encroach  beyond  the  line 
of  demarcation ;  but  as  the  checks  on  both  would  increase  in 
proportion  to  the  extent  of  their  encroachments  from  the  di- 
minution of  the  temperature  above  and  its  augmentation  below, 
such  encroachments  would  probably  not  be  very  extensive,  or 
of  long  duration  under  ordinary  circumstances.  Supposed 
temporary  encroachment  of  the  water  on  the  limits  of  the 
steam  to  occur  at  one  point,  the  steam  would  probably  en- 
croach on  the  water  at  another  at  the  same  time,  and  then, 
inactions  taking  place,  the  effects  would  be  reversed.  Thus, 
assuming  what  indeed  would  appear  to  follow  from  admitted 
data  as  necessary  consequences,  steam  would  not  only  exist 
below  the  water,  but  such  oscillations  would  tend  to  give  mo- 
tion and  activity  to  the  water  in  the  neighbouring  fissures, 
causing  it  to  circulate  in  the  earth  more  or  less  freely  and  ex- 
tensively according  to  circumstances.  In  volcanic  districts, 
where  the  heat  may  be  great  at  comparatively  small  depths, 
analogous  phaenomena  sometimes  occur  at  the  surface,  which 
are  probably  caused  by  the  action  and  reaction  of  steam  and 
water.  Amongst  these  may  be  included  the  intermitting 
Geyser  springs  in  Iceland,  as  well  as  some  of  the  mud  volca- 
noes found  in  Sicily,  and  in  Asia,  and  America. 

It  seems  probable  that  earthquakes  may  be  produced  by  the 
action  of  highly  elastic  vapour  rapidly  generated  at  great 
depths,  in  consequence  perhaps  of  copious  and  sudden  in- 
fluxes of  water  into  intensely  heated  parts  of  the  earth;  and 
their  lines  of  direction  are  doubtless  influenced  by  those  of  the 
fissures  or  veins  of  the  districts  in  which  they  occur.  But 
these  are  phasnomena  of  comparatively  rare  occurrence,  and 
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it  is  no  wonder  that  they  should  be  so,  when  we  consider  how 
vastly  greater  must  be  the  force  required  to  uplift  the' rocky 
crust  of  the  earth  and  wrench  it  asunder,  than  that  which  will 
support  a  column  of  water  equal  to  the  thickness  of  that 
crust. 

Since  the  foregoing  paper  was  read,  I  have  rather  hastily 
examined  some  other  portions  of  water  taken  from  different 
pseudomorphous  crystals.  One  of  those  portions  contained 
muriatic  and  sulphuric  acids,  iron,  a  trace  of  lime,  and  of 
common  salt.  Acid  was  a  little  in  excess,  and  some  peroxide 
of  iron  was  left  in  the  cavity  from  which  the  water  was  taken. 
In  another  the  same  acids  were  detected  and  some  iron.  In 
the  third  portion  there  seemed  to  be  nothing  besides  a  little 
common  salt.  In  many  of  the  octahedral  cavities,  oxide  of 
iron  was  found,  and  sometimes  iron  pyrites  or  copper  pyrites 
adhering  to  the  sides;  these  were  apparently  deposited  from 
some  of  the  water  which  had  entered  the  crystals  in  some  in- 
stances, but  in  others  they  were  evidently  imbedded  in  the 
fluor,  and,  adhering  to  the  deposit  of  quartz,  were  not  dissolved 
with  the  former. 

Earthy  carbonate  of  iron  occurs  in  some  cavities  mixed  with 
very  minute  crystals  of  quartz;  and  I  have  one  pseudomor- 
phous quartz  crystal  which  is  filled  with  fragments  of  fluor, 
intermixed  with  translucent  fragments  of  carbonate  of  iron 
and  earthy  carbonate  of  iron,  all  curiously  cemented  together 
into  one  mass ;  the  iron  ore  being  rather  in  excess. 

I  have  also  some  hollow  pseudomorphous  crystals  of  quartz 
formed  originally  on  carbonate  of  iron,  which  appear  to  be 
water-tight,  and  yet  the  latter  substance  has,  like  the  fluor, 
been  abstracted. 


III.  On  the  General  Expression  for  the  Sum  of  an  Lifinite 
Geometrical  Series.  By  J.  11.  Young,  Professor  of  Mathe- 
matics in  Belfast  College*. 


^I^HE  general  expression  for  the  sum 

4  1—  x  +  x*  — xz  +  xA  —  &c. 

is 

1  xc 


of  the  infinite  series 


S  = 


l+x     t+jr 

which  reduces  to  — —  when  #  is  a  proper  fraction,  either  po- 
*  Communicated  by  the  Author. 
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sitive  or  negative,  on  account  of  the  evanescence  of  #*".  It 
is  usual  to  consider  the  infinite  exponent  in  this  expression 
as  invariable  throughout  all  the  changes  of  x  within  the  limits 
0  and  1 ;  although  it  is  known  that  for  any  fixed  exponent 
short  of  infinite,  however  great  it  may  be,  the  expression  into 
which  it  enters  becomes  more  and  more  considerable  as  x  ad- 
vances from  0  towards  1 ;  and  notwithstanding  the  additional 
fact,  that  when  this  exponent  is  actually  infinite,  the  expres- 
sion referred  to  becomes  ultimately  equal  to  — . 

But  it  is  evident — due  weight  being  given  to  the  circum- 
stances here  mentioned — that  this  assumption,  as  to  the  inva- 
riability of  the  infinite  exponent,  is  unwarrantable  and  erro- 
neous ;  and  that  the  exponent  must  follow  some  law  of  varia- 
tion exactly  fitted  to  counteract  and  neutralize  the  tendency 
which,  as  x  approaches  to  1,  the  expression  a'00"  would  other- 
wise have  to  depart  from  zero,  and  ultimately  to  become  — . 
If  x,  at  any  stage  of  its  approach  to  1 ,  be  generally  repre- 
sented by  1  —  -r  j  then  the  law  of  variation  alluded  to  will  be 

expressed  by  go  "  =  k  go ' :  that  is,  the  exponent  must  vary  as 
k.  For  it  is  a  remarkable  fact  that,  commencing  with  the  ex- 
ponent 4*  and  proceeding  onwards  to  infinity,  we  shall  inva- 
riably have 

©'-»-.  (D---.  (!)--.  (?)'=-. 

/16801\16802_  /25684^25685_  (y       lX 

V16802/        -'3,,,'-V25685/        -'3-» '"  V1" / 

And    since   ('3  ...)co/    is   necessarily   zero,    and    no    power 
short  of  infinite  can  give  zero,  it  follows  that  in  order  that 
/        i  \«" 
(  I — r- )       may  be  uniformly  zero,  and  that  all  tendency  to 

depart  from  zero  may  be  counteracted,  oo  "  must  be  k  go  ' ;  so 
that  the  strictly  accurate  form  for  S  is 


•3... 


s  = 


>+0-i)  -0-t)' 


which  is  equal  to  —  when  k  is  infinite.     And  in  this  manner 

is  the  formula,  employed  in  my  paper  (p.  363,  last  vol.),  esta- 
blished. 
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In  the  same  way  that  it  has  now  been  proved  thatT  1  — j- ) 
is  always  equal  to  * 3  ... ,  whatever  be  k,  above  3,  may  it  be 
further  shown  that  (l+-r-)    is  always  equal  to  2* ... ;  and 

/         1  \Aoo/  [  #        t 

thence  that  \l+-j-)        is  necessarily  infinite  when  k  is :  so 

that  it  is  indisputably  true  that  the  extreme  of  the  convergent 
cases  of  the  above  series  S,  usually  written  in  the  form 

1  —  1  +  1—1+1  —  14-  &c. 

is  — ,  and  that  the  extreme  of  the  divergent  cases,  usually 

written  in  the  same  form,  is  really  infinite,  as  stated  in  my 
former  paper;  which  last  conclusion  could  never  have  been 
anticipated  from  the  theory  hitherto  prevalent.  The  views 
now  developed  are  only  the  continuation  and  completion  of 
those  exhibited  in  my  paper  on  Series  submitted  to  the  British 
Association  in  June  1845.  If  I  have  been  anticipated  in  any 
of  these  views,  which  are  doubtless  calculated  to  produce  a 
reform  in  the  existing  theory,  I  hope  to  be  informed  of  the 
circumstance  through  the  medium  of  this  Journal.  I  have 
only  further  to  add,  that  when  an  expression  for  the  conver- 
gent cases  of  a  series  is  found — as  it  often  may  be  by  aid  of 
the  differential  theorem — then  the  general  equivalent  of  the 
series  may  afterwards  be  ascertained  by  developing  this  ex- 
pression sufficiently  far  to  unfold  to  us  the  general  form  of  the 
remainder.  The  expression  for  the  convergent  cases  of  the 
general  series,  discussed  at  page  439  of  the  last  volume,  may 
in  this  manner  be  determined ;  and  the  development  of  this 
expression  by  common  division,  as  there  proposed,  furnishes 
the  formula  by  which  that  expression  must  be  corrected,  in 
order  that  the  algebraical  equivalent  of  the  series  may  be  ex- 
hibited in  its  utmost  generality. 
Belfast,  November  21,  1845. 


IV.  On  the  Conversion  of  Cane-sugar  into  a  substance  isomeric 
•with  Cellulose  and  lnuline.  By  Thomas  Tilley,  Esq., 
Ph.D.,  and  Douglas  Maclagan,  M.D.,  F.R.S.  Edin.* 

WHEN  the  juice  of  beetroot  undergoes  fermentation  at 
temperatures  varying  from  30°  to  40°  C,  the  cane- 
sugar  which  it  contains  is  at  first  converted  into  sugar  of 
grapes,  and  after  some  time  into  mannite,  lactic  acid  and  a 

*  Communicated  by  the  Chemical  Society;  having  been  read  April  21, 
1845. 
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gummy  substance,  having  a  composition  identical  with  that  of 
gum-arabic.  This  is  remarkable,  inasmuch  as  it  affords  an 
instance  of  what  may  be  called  a  retrograde  chemical  action, 
the  sugar  being  converted  into  dextrine, — a  change  similar 
to  that  which  occurs  in  fruits  when  they  lose  their  sweetness, 
and  assume  that  condition  commonly  called  "  sleepy."  The 
conversion  of  cellulose  into  dextrine  and  sugar  seems  to  be  a 
process  of  continual  occurrence  and  great  importance  in  the 
vegetable  ceconomy,  but  we  are  not  aware  of  any  example  of 
the  reverse  of  this  action,  except  those  instances  mentioned 
above ;  in  the  former  of  which  sugar  is  converted  by  fermen- 
tation into  a  body  having  all  the  properties  and  composition 
of  gum ;  in  the  latter,  the  sugar  being  changed  into  cellulose*. 
We  therefore  consider  the  observation  we  are  about  to  describe 
to  be  possessed  of  some  interest,  as  affording  another  case  of 
a  similar  retrograde  action.  It  has  been  observed  that  the 
effervescing  drinks  known  as  lemonade,  gingerade,  &c,  made 
by  forcing  carbonic  acid  gas  into  solutions  of  sugar  variously 
flavoured  with  tartaric  acid  and  essential  oils,  in  certain  cases 
lose  their  fluidity,  and  assume  a  thick,  slimy  consistence. 
When  the  bottles  containing  these  thickened  liquids  are 
opened,  the  expansion  of  the  carbonic  acid  expels  their  con- 
tents with  difficulty,  owing  to  their  extreme  tenacity.  In- 
stances of  this  change  are  of  continual  occurrence,  all  the 
manufacturers  of  whom  we  have  inquired  having  observed  it 
when  the  bottles  had  been  kept  for  some  time.  Various  opi- 
nions have  been  expressed  by  them  as  to  the  cause  of  the  con- 
version, but  it  seems  to  occur  invariably  when  the  liquor  is  kept 
long  enough.  We  are  indebted  to  Mr.  Baildon  of  this  city 
(Edinburgh)  for  an  opportunity  of  examining  a  sample  of 
gingerade,  in  which  this  thickening  had  occurred.  This  liquid 
is  made  by  sweetening  an  infusion  of  ginger-roots  with  cane- 
sugar,  and  flavouring  it  with  oil  of  lemons  and  tartaric  acid ; 
this  is  then  placed  in  bottles,  and  carbonic  acid  forced  by  pres- 
sure into  the  fluid.  Another  manufacturer  uses  the  following 
ingredients  in  the  preparation  of  effervescing  lemonade: — 
2  ounces  of  honey,  4  pounds  of  sugar,  2  ounces  of  citric  acid, 
2  drachms  of  oil  of  lemons  and  I|  ounce  of  bicarbonate  of  soda. 
According  to  the  opinion  of  this  manufacturer,  the  change 
occurs  chiefly  in  winter,  when  the  liquid  is  exposed  to  cold, 
and  he  thinks  that  the  addition  of  a  double  proportion  of  honey 
tends  to  prevent  it.  To  separate  the  substance  to  which  the 
viscidity  was  owing,  the  contents  of  a  bottle  were  digested  with 
six  or  seven  parts  of  alcohol,  under  the  action  of  which  the 
gummy  matter  consolidated,  and  when  dried  became  so  hard 
*  See  Mulder's  All.  Phys.  Chem.,  p.  243  ct  seq. 
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as  to  be  pulverizable.  After  being  powdered,  it%as  again 
digested  and  washed  with  alcohol  until  nothing  more  was  dis- 
solved. When  dried  at  100°  C.  it  had  the  appearance  of  a 
semi-transparent  horny  substance,  and  was  sufficiently  elastic 
to  render  pulverization  difficult.  The  alcohol  contained  in 
solution  a  quantity  of  sugar  of  a  brownish  colour,  quite  un- 
crystallizable,  and  rendered  sour  by  the  presence  of  the  acid 
used  in  the  manufacture. 

The  gummy  substance  treated  with  cold  water  slowly  reas- 
sumes  its  original  appearance.  When  treated  with  a  large 
quantity  of  boiling  water  it  forms  a  mucilage,  which  filters 
with  difficulty.  Iodine  produces  no  effect  on  the  solution. 
Subjected  to  Trommer's  test  for  dextrine,  sugar  and  gum,  this 
did  not  indicate  the  presence  of  any  of  these  substances. 
With  nitric  acid  it  produces  oxalic  acid.  It  gives  a  precipi- 
tate with  diacetate  of  lead.  It  contains,  after  having  been 
washed  with  alcohol,  a  small  quantity  of  ashes,  amounting  to 
1*37  per  cent.     It  was  analysed  in  the  usual  manner. 

I.  0*746  of  substance  gave,  with  oxide  of  copper  and  chlo- 
rate of  potash,  4-070  HO  and  1-1735  C02  =  0*04727  H  and 
0-32448  C. 

II.  0-1525  of  substance  gave  0*092  HO  and  0-232  C02  = 
0-010222  H  and  0-06474  C. 

These  numbers,  allowance  being  made  of  the  ashes,  give 
the  following  proportions : — 


I. 

II. 

Atoms. 

Calculated. 

Carbon     . 

.     43-80 

43-31 

24 

43-71 

Hydrogen 

6-14 

6-80 

21 

6-25 

Oxygen    . 

.     50-06 

49-89 

21 

50-04 

From  this  it  would  appear  that  this  gummy  substance  is 
isomeric  with  cellulose  and  inuline*. 

This  substance,  which  has  a  composition  similar  to  cellu- 
lose and  inuline,  is  evidently  formed  from  the  cane-sugar  in 
the  lemonade,  as  all"  its  other  constituents  exist  in  too  small 
quantity  to  admit  the  idea  of  their  having  been  its  origin. 

*  Cellulose,  Payen.  Endine.  From  turnip.  Fromberg. 
Carbon     .     43-40  Carbon     .     43-95 

Hydrogen       6-12  Hydrogen       6-13 

Oxygen    .     50-38a  Oxygen    .     49-66b 

Inuline.  Parnell.  From  Dahlia  root.  Payen. 
Carbon     .     43-95  Carbon     .     44-19 

Hydrogen        6-30  Hydrogen       6-17 

Oxygen    .     49*75c  Oxygen    .     49*64d 


"  Ann.  des  Sc.  Nat.,  1840,  p.  73.  Bot.         b  Mulder,  Op.  cit.,  p.  203. 
c  Phil.  Mag.,  vol.  xvii.  p.  126.  d  Op.  cit.,  p.  91. 
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2  affcms  sugar   .     .     .     .     C  24<     H  22     O  22 

1     ...     water    ....    H  Q 

I      ...     gummy  substance    C  24     H  21     0  21 
This  substance  is  formed  then  from  2  atoms  of  sugar  by 
the  abstraction  of  1  atom  of  water. 

As  a  solution  of  the  gummy  substance  gave  a  compound 
with  lead,  we  endeavoured  to  obtain  by  its  aid  its  atomic 
weight.  0*260  of  the  precipitate  gave  of  lead  and  oxide  of 
lead  quantities  equal  to  0*316  oxide  of  lead,  which,  when  al- 
lowance is  made  for  ashes,  is  equal  to  55*8  per  cent,  of  oxide 
of  lead.  We  had  not  enough  of  the  salt  to  enable  us  to  make 
the  combustion,  but  have  calculated  the  formula  from  the 
quantity  of  lead. 


Atoms. 

Calculated 

Carbon     . 

19*31              24 

1834-4  =  18-7 

Hydrogen 

2-76             21 

260-0  =     2-7 

Oxygen    . 

22-11              21 

2100-0  =  21-4 

PbO    .     . 

55-80  found    4 

5578-0  =  57*1 

From  55*8  per  cent,  oxide  of  lead  the  atomic  weight  found  is 
4400-0.     The  calculated  one  is  4198*4. 

We  had  imagined  that  this  curious  change  in  sugar  might 
have  been  the  effect  of  organization,  but  our  friend  Mr.  John 
Goodsir  was  kind  enough  to  examine  the  substance,  and  in- 
formed us  that  he  could  discover  no  trace  of  organization. 

V.  Remarks  on  Professor  Challis's  Theoretical  Explanation 
of  the  Aberration  of  Light.  By  G.  G.  Stokes,  M.A.,  Fel- 
low of  Pembroke  College,  Cambridge*. 

r|^HERE  are  a  few  points  connected  with  Prof.  Challis's 
JL     paper  on  the  Aberration  of  Light,  published  in  the  num- 
ber of  this  Magazine  for  November  1845,  respecting  which  I 
wish  to  offer  a  few  remarks. 

In  the  first  place  I  perfectly  agree  with  Prof.  Chailis,  that 
the  explanation  of  aberration  is  really  independent  of  the 
manner  in  which  light  may  pass  through  the  eye;  but  I  can- 
not agree  with  him  that  it  is  necessary  to  suppose  that  we  see 
a  star  in  its  true  place,  and  that  it  is  the  wire  of  the  telescope 
with  which  it  is  observed  that  is  affected  by  aberration.  The 
following  mode  of  viewing  the  subject,  due  to  Boscovich,  will 
perhaps  put  the  matter  in  a  clearer  point  of  view. 

If  we  wish  to  determine  the  real  or  apparent  direction  of 
an  object,  we  may,  theoretically  speaking,  adopt  the  following 
plan:  — Let  two  small  circular  holes  be  so  adjusted  that  the 

*  Communicated  by  the  Author. 
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light  from  the  object  which  passes  through  the  centr%of  the  one 
shall  also  pass  through  the  centre  of  the  other.  The  line  join- 
ing the  centres  of  the  holes  will  then  determine  the  direction 
of  the  object.  Now  this  is,  in  principle,  just  what  is  done  in 
the  case  of  an  astronomical  instrument,  only,  the  fixed  points 
are  replaced  by  the  optical  centre  of  the  object-glass  of  the 
telescope  with  which  the  object  is  viewed,  and  by  the  wire  to 
which  it  is  referred.  When  the  image  of  a  star  is  bisected  by 
the  wire,  we  define  the  apparent  direction  of  the  star  to  be 
that  of  the  line  joining  the  optical  centre,  of  the  object-glass 
with  the  bisecting  wire.  Whether  it  is  the  wire  or  the  star 
which  is  seen  out  of  its  true  place,  is  a  question  with  which 
we  have  no  concern.  The  answer  which  we  shall  be  disposed 
to  give  to  it  depends  on  the  theory  of  aberration  which  we 
adopt.  According  to  the  theory  of  aberration  which  I  ex- 
plained in  the  July  number  of  this  Magazine,  the  answer 
would  of  course  be,  that  it  is  the  wire  which  is  seen  in  its 
true  place. 

The  principal  thing,  however,  to  which  I  object  in  Prof. 
Challis's  paper,  is  the  reasoning  by  which  he  establishes  his 
equation  (5.).  In  the  figure,  a  b  is  a 
very  small  portion  of  a  wave  of  light, 
which  in  the  small  time  t  would  be  pro- 
pagated to  c  d  if  the  a'ther  from  a  to  b 
were  moving  with  the  velocity  of  the 
aether  at  b,  whjle,  in  consequence  of  the 
difference  in  the  velocity  of  the  aether  at 
a  and  b,  the  disturbance  at  a  is  propa- 
gated  to  e.     Now  Prof.  Challis  takes 

cae  for  the  angle  through  which  the  normal  to  the  wave's 
front  is  displaced  as  the  wave  passes  from  a  b  to  e  d.  But  a  c 
is  only  the  direction  in  space  along  which  the  disturbance  at 
a  is  propagated,  a  direction  which  has  no  immediate  relation 
to  the  normal  to  the  wave,  inasmuch  as  it  differs  from  it  by  an 
angle  which  is  of  the  order  of  the  aberration,  the  very  order 
of  quantities  that  we  are  considering.  In  fact,  according  to 
the  reasoning  in  my  paper,  to  which  Prof.  Challis  does  not 
appear  to  object,  I  found  that  the  law  of  aberration  does  not 
result  from  supposing  the  waves  of  light  to  be  carried  by  the 
moving  aether,  so  long  as  its  motion  is  taken  arbitrary ;  and 
in  order  to  explain  aberration,  I  was  compelled  to  suppose 
udx  +  vdy  +  xvdz  to  be  an  exact  differential,  at  least  when  the 
square  of  the  aberration  is  neglected. 

It  is  evidently  immaterial  whether  we  make  the  construc- 
tion that  Prof.  Challis  has  given,  or  suppose  ef  to  be  the  po- 
sition into  which  the  wave  a  b  would  come  at  the  end  of  the 
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time  t,  in  consequence  of  the  velocity  of  propagation  combined 
with  the  velocity  of  the  aether  at  a,  and  suppose  thatyis 
brought  to  d  in  consequence  of  the  difference  of  velocity  of 
the  aether  at  a  and  b.  It  is  easy  to  show  that  df  is  equal  and 
parallel  io  c  c,  so  that,  according  to  this  construction,  the  nor- 
mal to  the  wave  ought  to  be  displaced  by  the  motion  of  the 
aether  through  the  angle /6d  from /"ft  to  db,  which  is  just  the 
contrary  direction  to  that  given  by  Prof.  Challis's  construc- 
tion. 

Prof.  Challis  seems  to  think  that  the  undulatory  theory  of 
light  cannot  be  maintained  unless  it  can  be  shown  that  the 
law  of  aberration  ought  to  be  the  actual  law,  whatever  may 
be  the  motion  of  the  aether.  But  it  is  surely  sufficient  to  show 
that  a  conceivable  kind  of  motion  exists  which  would  lead  to 
the  observed  law  of  aberration,  provided  we  have  no  reason 
for  regarding  that  sort  of  motion  as  improbable.  Now  even 
were  I  to  allow  that  udx  +  vdy+  wdz  cannot,  in  the  case  of 
ordinary  fluids,  be  an  exact  differential  unless  the  motion  is 
rectilinear,  that  would  not  be  a  fatal  objection.  For  the  equa- 
tions of  motion  of  fluids  commonly  employed  are  formed  on 
the  hypothesis  that  the  mutual  action  of  two  elements  of  the 
fluid  is  normal  to  the  surface  which  separates  them,  whereas 
one  of  the  most  remarkable  properties  of  the  aether  with  which 
we  are  acquainted,  is  the  great  tangential  force  which  it  is  ca- 
pable of  exerting,  in  consequence  of  which  the  transversal 
vibrations  which  constitute  light  are  propagated  with  such  an 
immense  velocity. 

VI.  On  the  Solubility  of  Oxide  of  Lead  in  Pure  Water. 
By  Lieut.-Col.  Philip  Yorke*. 

T  N  the  Philosophical  Magazine  for  August  1834,  I  published 
■*■  a  paper  on  the  action  of  water  and  air  on  lead.  Some  of 
the  principal  results  contained  in  it  were  confirmed  by  Bons- 
dorff  in  two  papers ;  he  found  that  7000  parts  of  pure  water 
free  from  access  of  carbonic  acid  dissolved  one  of  oxide  of 
lead ;  my  experiments  gave  y^^th  to  ^^th.  Since  that  time 
two  papers  have  appeared  on  the  same  subject,  one  by  Dr. 
Christisonf,  and  one  by  Mr.  R.  Phillips,  Jun.J  The  last- 
named  chemist  considers  that  the  oxide  of  lead  is  not  dis- 
solved, but  merely  mechanically  suspended  in  the  water,  be- 
cause the  liquid  is  deprived  of  the  lead  by  passing  it  through 

*  Communicated  by  the  Chemical  Society ;  having  been  read  May  17, 
1845. 

t  Transactions  of  the  Royal  Society  of  Edinburgh. 
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a  paper  filter.  It  is  to  this  opinion  that  I  propose  to  direct 
attention  in  the  present  notice. 

The  fact  that  the  aqueous  solution  of  oxide  of  lead  would 
not  pass  through  a  filter  was  noticed  by  me  in  the  paper  al- 
ready referred  to ;  but  as  the  action  of  tests  on  the  liquid  was 
just  what  one  observes  with  solutions;  as  no  time  allowed  for 
subsidence  made  any  difference  in  these  appearances ;  as  the 
liquid  deposited  crystals  of  oxide  of  lead  not  only  on  the  lead 
but  on  other  bodies ;  as  when  decomposed  by  the  voltaic  bat- 
tery it  gave  metallic  lead  at  the  negative  pole,  and  peroxide 
at  the  positive;  I  did  not  consider  that  the  stoppage  of  the 
oxide  of  lead  by  the  filter  was  any  proof  of  its  not  being  dis- 
solved. There  still,  however,  remains  this  question  to  be  an- 
swered,— In  what  way  does  the  paper  act  in  retaining  the  ox- 
ide? and  I  think  that  the  following  experiments  afford  an 
answer  to  the  question. 

I  placed  some  clean  rods  of  lead  in  bottles  of  distilled  water 
loosely  stoppered  ;  in  this  way,  after  removing  the  rods  of  lead, 
I  obtained  a  clear  liquid,  which,  when  tested  by  sulphuretted 
hydrogen,  gave  a  deep  brown  colour.  On  passing  this  liquid 
through  a  double  filter,  which  had  been  previously  washed 
with  hot  distilled  water,  it  appeared  to  be  very  nearly  deprived 
of  lead:  when  two  or  three  fluid  ounces  had  passed  through, 
the  filters  were  removed,  washed,  then  immersed  in  a  solution 
of  sulphuretted  hydrogen,  again  washed  and  dried.  Some 
torn  fragments  of  the  filters  were  then  mounted  in  Canada 
balsam  for  examination  by  the  microscope.  On  examination 
with  powers  of  from  1 50  to  400,  the  fibres  of  the  flax  com- 
posing the  paper  were  seen  to  be  browned,  and  in  many  in- 
stances it  could  be  distinctly  observed  that  the  colouring  sub- 
stance occupied  the  interior  of  the  tubular  fibre.  Now,  it  is 
stated  by  Mr.  Crum,  in  the  Philosophical  Magazine  for 
April  1844,  that  cotton  wool  possesses  the  power  of  abstracting 
the  oxide  of  lead  from  its  solution  in  lime-water,  and  that  this 
property  is  made  available  in  the  processes  for  dyeing  cotton 
with  the  chromates.  I  found  that  on  filtering  a  solution  of 
oxide  of  lead  in  lime  water  through  a  triple  filter,  that  whereas 
the  original  solution  gave  a  deep  black  when  tested  by  sul- 
phuretted hydrogen,  the  filtered  liquid  gave  but  a  pale  brown ; 
and  it  required  that  the  unfiltered  liquid  should  be  diluted 
with  thirty  times  its  volume  of  water  to  produce  the  same  test 
as  the  filtered. 

I  then  tried  the  effect  of  mere  immersion  of  the  paper  in  the 
aqueous  solutions  before  used.  A  bit  of  filtering-paper  ten 
inches  by  two  inches  was  boiled  in  distilled  water  and  then 
put  into  an  ounce  phial  filled  with  the  aqueous  solution  ;  after 
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remaining  six  hours  the  liquid  was  poured  off  and  tested:  it 
gave  a  pale  brown,  and  it  required  that  the  liquid  which  had 
not  been  in  contact  with  the  paper  should  be  diluted  with  ten 
times  its  volume  of  water  to  produce  the  same  tint.  This  ex- 
periment was  repeated  with  a  stronger  solution  of  oxide  of 
lead  in  water,  the  water  was  poured  off  at  the  end  of  four 
hours;  it  then  gave  a  pale  brown,  and  it  required  that  the 
original  liquid  should  be  diluted  with  four  times  its  bulk  of 
water  to  produce  the  same  tint.  A  fresh  portion  of  the  same 
solution  was  then  poured  on  the  same  paper  and  left  for  a 
night;  then,  on  testing,  the  liquid  gave  a  brown  tint,  barely 
perceptible,  and  it  required  that  the  original  liquid  should  be 
diluted  with  from  fifteen  to  twenty  times  its  volume  of  water 
to  produce  the  same. 

From  these  experiments  it  is  clear  that  the  effect  in  ques- 
tion is  dependent  on  a  power  possessed  by  the  paper  in  com- 
mon with  several  other  porous  bodies  and  organised  fibres, 
of  separating  certain  substances  from  their  solutions,  a  power 
sufficiently  well  known,  though  little  understood*.  In  consi- 
dering this  view  of  the  subject  in  the  present  instance,  there 
is  a  circumstance  of  some  practical  importance  which  it  would 
appear  ought  to  follow,  viz.  that  after  the  fibres  of  the  paper 
had  been  saturated  with  the  oxide  of  lead,  then  this  substance 
should  pass  through  in  solution.  To  ascertain  whether  this 
was  the  case  I  made  the  following  experiments. 

I  obtained  a  strong  aqueous  solution  of  oxide  of  lead  by 
immersing  slips  of  clean  lead  in  about  three  quarts  of  distilled 
water,  contained  in  a  two-necked  bottle,  through  which  oxygen 
gas  was  passed  and  maintained  in  contact  with,  under  a  slight 
pressure.  In  this  manner  I  procured  a  solution  which  when 
quite  clear  yielded  7jootn  or*  ignited  oxide  of  lead.  A  filter 
of  paper  rather  less  than  2  o~otn  °f  an  mcn  thick  and  four 
inches  in  diameter  was  prepared  and  washed  ;  then,  by  fitting 
into  one  of  the  two  necks  of  the  bottle  a  siphon  with  equal  legs, 
so  as-  to  resemble  Gay-Lussac's  apparatus  for  washing  filters 
(except  that  I  used  a  contrivance  to  prevent  the  necessity  of  the 
air  supplied  to  the  bottle  from  bubbling  through  the  solution), 
I  was  enabled  to  allow  the  filtration  to  go  on  with  consider- 
able regularity  for  many  hours.  The  first  portion  of  liquid 
which  passed  through  gave  a  pale  brown  when  tested ;  when 
nine  fluid  ounces  had  passed  through  the  effect  was  the  same 
as  at  first,  and  a  portion  [a)  was  reserved  for  future  com- 
parison.    When  forty  fluid  ounces  had  passed  through,  the 

*  The  effective  filter  mentioned  by  Dr.  Clark  is  formed  of  well-washed 
sand,  and  has  been  in  use  during  twelve  months  without  any  apparent 
diminution  of  power. 
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liquid,  which  was  quite  clear,  gave  a  much  darker  tint  with 
the  test  than  any  which  had  previously  been  obtained  in  the 
experiment.  It  gave  a  tint  about  equal  to  that  given  with  the 
unfiltered  liquid  when  diluted  with  its  own  volume  of  water; 
while  it  (/.  e.  the  last  filtered  portion)  required  to  be  diluted 
with  twice  its  volume  of  water  to  produce  the  same  tint  as  that 
given  by  the  reserved  filtered  portion  (a).  The  liquid  now 
passed  through  the  filter  very  slowly;  it  was  tested  again, 
when  eight  more  fluid  ounces  had  passed  through,  with  the 
same  result  as  before,  except  that  the  tint  was  a  trifle  darker. 
This  experiment  sufficiently  shows  that  the  effect  contem- 
plated does  occur,  and  that  it  would  be  unsafe  to  trust  to  the 
action  of  a  filter  to  separate  oxide  of  lead  from  water  for  an 
unlimited  time. 


VII.  Equations  for  the  Determination  of  the  Motion  of  a 
Disturbed  Planet  by  means  of  M.  Hansen's  Altered  Time. 
By  the  Rev.  Brice  Bronwin*. 


T 


HE  theory  of  M.  Hansen  on  Lunar  and  Planetary  Per- 
turbations, owing  to  the  two  times  r  and  t  which  it  con- 
tains, is  attended  with  many  difficulties,  and  is  very  perplexing. 
His  results  I  think  are  in  an  advantageous  form ;  but  perhaps 
they  might  be  obtained  more  easily  by  the  equations  given  in 
this  paper,  which  are  referred  to  the  plane  of  the  orbit  as  if  it 
were  a  fixed  plane,  because  I  have  proved  that  so  referred 
they  are  true.  [See  this  Magazine  for  November  1844,  and 
also  the  Cambridge  Mathematical  Journal,  No.  24.] 
The  equation 

A*  ,  .       . 

—  =  1  +  e  cos  (y  —  it)  =  1  +  e  cos  it  cos  v  +  e  sin  ir  sin  v 

is  true  for  the  disturbed  orbit;  h,  e,  and  ir  having  their  known 
variable  values  depending  on  the  disturbing  force.  If  /z0,  e0, 
and  7r0  be  the  values  of  these  quantities  when  the  disturbing 
force  is  made  to  vanish,  then 

ecosnr=e0cos7r0-f-   /  (cosh- de  —  esin7r dn), 
e  sin  it  =  e0  sin  tt0  +   /  (sin  n  d  e  +  e  cos  7r  d  7r), 

These  values  substituted  in  the  above  equation  give 
*  Communicated  by  the  Author. 
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i^_  =  1  +£0cos  (u— *r0) /  h  dh 

fi  r  °       v        w      firj 

+  cos  y  /  (cosTrt?^— esin7r£?7r)  +  siny  /  (sinTrJtf-f  ecos7r£/7r). 

Let  the  constant  quantities  X  ana  g  be  the  same  functions 
of  a  constant  time  t  which  o  and  r  are  of  / ;  then  putting  the 
former  in  place  of  the  latter,  we  may  put  them  under  the  sign 
of  integration,  changing  t  into  t  after  the  integrations  are  per- 
formed.    This  will  change  the  last  equation  into 

/V  ,  2    Phdh       p       . 

JL.—  \+e ncos(o— 7rn) / h/  cos(X— ii)de 

fi  r  v  fij       g       J 

-t-  J  e  sin  (A— it)  dir. 

But  fhdh  =  —  C-j-hdU 

hdt  .  ,         xdR     (2hdt      .         x     dr  .   .         .  WR 

de— sm(y  — 7r)-v 1 cos(u  — w)  H — sinfy  —  it)  )-=-, 

fi       K  dr      \  pr  fi  /do 

.      hdt      ,         AR      /2hdt  .    .         .     dr      ,        .\dR 

dii— — cosfy  —  it)-^ I sin  a- w] cosfy  —  it)  I  —  . 

fie  dr       \  fire       v  fie  /  dv 

d  R 
The  coefficients  of  —z—  are  put  under  the  above  form  for 
ay  * 

convenience.     Substituting  these  values,  we  find 

T=^  +  ^°cos  ("-*»)  +  I^f^r  Si"  <X-"^  ''dt 

1     /"ilR!  .    ,         .  ,       2kdt        ,        .     2kdt"\ 

+  ^^isin(x"u)    — r"Ht7  }• 

To  abridge,  let  this  be  written 

r  =f-2  +  TTCOs(y-9r0)  +  P. 


hr?       h0 


But  if  £  t  be  the  progression  of  the  apse, 

cos(y  —  ir0)  =cos(y  —  St  —  ir0  +  §t)  =  cos(y  —  Gt  —  7rQ) 
—  £/  sin  (y  —  6/  —  7r0), 
neglecting  higher  powers  of  8 1.     Therefore 

—   =  JTZ  i1  +  ^0COS(U  —  *'—  *o)  —  e0^Sm(°  —  S/  -  7T0)}  +  P. 

Terms  similar  to  the  above,  containing  £  in  their  coefficients, 
will  arise  from  the  development  of  P ;  and  §  must  be  so  de- 
termined as  to  drive  them  out,  which  will  be  easily  done. 
We  may  always  neglect  terms  involving  the  higher  powers 
of/. 
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Let  rx  and  vx  be  the  same  functions  of  the  new  time  £,  and 
the  constants  hv  ev  ir^  s0  which  r  and  u  are,  when  there  is  no 
disturbing  force,  of  the  time  /  and  the  constants  h0,  eQi  7r0,  and 
«0.     Also  let  v  =  vl  +  6t.     We  shall  have 

--  =  r~2{1  +  *icos(°i-'ro)}- 

r\       ni 
We  shall  not  with  M.  Hansen  find  the  log  of  r,  and  there- 
fore shall  make  —  m  —  +  p-  Substituting  this  value,  we  shall 
easily  find 

P  =  ^(n^-h^+^(n^-ni)COS^-'Vo) 
enSt 


h  2 

"0 


sin  (u,  —  w0)  +  P. 


Whence  p  is  of  the  order  of  the  disturbing  force,  and  it  has 
the  advantage  of  requiring  only  one  integration. 
In  virtue  of  the  supposed  equation 

we  have 

dv dvy       p  _dvxd^       p  _  hld%>       g 

d~t~"dt '  +  ~d\Tt*  r*dt  + 

This  value,  substituted  in  the  known  equation 

gives 

Of  the  four  quantities  h0,  hv  eoi  ev  two  are  to  be  found  in 
terms  of  the  others,  which  will  be  arbitraries  of  the  theory ; 
and  the  mode  of  determining  them  will  be  obvious  after  the 
development  is  effected. 

Putting  <J>  for  the  latitude,  i  for  the  inclination,  3  and  0  for 
the  longitude  of  the  node  on  the  plane  of  the  orbit  and  on 
the  fixed  plane,  we  have 

3  =    /  cos  i  d  0,  sin  <J>  =  sin  i  sin  (o  —  S) 

=  sin  i  (cos  ^  sin  u  —  sin  •&  cos  u), 

sin?  cos  •&  =  sin/0cos$0  +    /  (cosz'cosSd?  —  sin?  sin  3  ^3), 
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sins" sin .&=sirw0 sin S0+   /  (coszsindrfz  4-  sin/cos^rf-&). 

Substituting  these  values,  and  changing  u  into  A,  and  put- 
ting it  under  the  sign  of  integration,  we  obtain 

sin  <f>  ss  sin  i0  sin  (u  —  S0)  +   I  sin  (A  —  d)  cos  i  d  i 

—  /  cos  (A  —  -5)  sin  i  d  •&. 
~  ,.        dt     dR  cosidtdR 

But  dt  —  r—- :    ~TTi       «•&  = j—. -— r-r. 

A  sin  2    a  0  #  sin  i    d  i 

These  values  being  put  in  the  above,  it  will  become 

.    .    .    .        .  .   ,     /*cosidt  dR  .    , 

sin$  =sm  *0sin  («  -  S0)  +J  j^j  ~jj  sin  (A  -  S) 

/cos idt  dR        .       RN 
___cos  (*-*). 

To  abridge,  we  may  write  this 

sin  <f>  =  sin  i0  sin  (u  —  $0)  +  Q» 
or  sin  <p  =  sin  i0  sin  (o  +  y/  —  <&0)—  y /sin /cos  (u +  7/  — 30)  +Q. 
Here  y  t  is  the  regression  of  the  node,  and  7  is  to  be  so  de- 
termined as  to  take  away  from  Q  the  terms  having  t  in  their 
coefficients. 

If  in  the  equations 

sin  <$>  =  sin  i  sin  (u  — •  3), 

dsin  6        .    .        ,         .,  c?w 
— ; — I  =  sin  z  cos  (u  —  3)  -7-, 
dt  dt 

we  change  $,  w,  1,  and  3  into  <p0  +  8  <$>  uo  +  ^  °>  *o  +  &  *»  anc^ 
•&o  +  1*^  *  $>  &c«  being  the  parts  depending  on  the  disturbing 
force;  and  if  we  expand,  taking  account  of  the  first  power 
only  of  8  <p,  &c,  we  shall  find  equations  of  the  form 

8*  =  A8<f>  +  B8u, 

8d=C84>  +  D8y. 

From  these  we  may  correct  the  values  of  i  and  .&  or  6  by 
means  of  the  corrections  of  <p  and  0  due  to  the  disturbing 
force,  and  in  doing  so  we  may  take  account  of  higher  powers 
of  8$,  &c. 

I  think  the  development  of  the  preceding  equations  would 
be  attended  with  much  less  difficulty  and  perplexity  than  the 
development  of  M.  Hansen's.  I  have  not  noticed  the  reduc- 
tion to  a  fixed  plane,  but  must  refer  for  that  to  the  Number  of 
this  Magazine  for  February  1844,  where  I  have  given  equa- 
tions particularly  adapted  to  the  lunar  theory,  and  leading  to 
results  expressed  in  terms  of  the  true  elliptic  longitude. 
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•  I  see  Mr.  Cayley  has  amended  his  paper  of  November  1844. 
If  he  would  amend  it  a  little  further,  it  would  not  be  amiss.  He 
has  now  made  p  a  prime  number  instead  of  any  odd  one :  0  is 
made  of  the  second  instead  of  the  general  form.  In  the  ex- 
pression of  $y.r,  or  rather  <p  x',  he  should  have  had  the  trans- 
formed function  x'  =  j-r-,  not  «,(3a  function  of  0.  Moreover, 
]  •  WV  t  i  i 

Some  other  amendments  are  greatly  wanted.  When  x  has  a 
determinate  value,  x1  should  have  one  also,  since  /3  is  a  known 
function  of  0.  And  if  we  know  what  value  to  assign  to  x,  we 
should  have  the  value  of  x',  which  is  the  complete  function. 
I  have  no  room  to  enlarge,  and  as  Mr.  Cayley  has  done  no- 
thing which  invalidates  what  I  have  done,  it  is  unnecessary. 
Gunthwaite  Hall,  Dec.  12,  1845. 

VIII.  On  some  Points  in  the  Meteorology  of  Bombay. 
By  Lieut.-Colonel  Sabine,  R.A.,  FM.S.* 

[With  a  Plate.] 

IN  a  communication  which  I  had  the  honour  to  make  to  the  Sec- 
tion at  the  York  meeting  of  the  British  Association,  on  the  sub- 
ject of  the  meteorological  observations  made  at  Toronto  in  Canada 
in  the  years  1840  to  1842f,  I  noticed  some  of  the  advantages  which 
were  likely  to  result  to  the  science  of  meteorology,  from  the  resolu- 
tion of  the  barometric  pressure  into  its  two  constituents  of  aqueous 
and  of  gaseous  pressure.  It  was  shown  that  when  the  constituents  of 
the  barometric  pressure  at  Toronto  were  thus  disengaged  from  each 
other  and  presented  separately,  their  annual  and  diurnal  variations 
exhibited  a  very  striking  and  instructive  accordance  with  the  annual 
and  diurnal  variations  of  the  temperature.  The  characteristic  fea- 
tures of  the  several  variations  when  projected  in  curves  were  seen 
to  be  the  same,  consisting  in  all  cases  of  a  single  progression,  having 
one  ascending  and  one  descending  branch ;  the  epochs  of  maxima 
and  minima  of  the  pressures  being  the  same,  or  very  nearly  the 
same,  with  those  of  the  maxima  and  minima  of  temperature ;  and 
the  correspondence  in  other  respects  being  such  as  to  manifest  the 
existence  of  a  very  intimate  connexion  between  the  periodical  varia- 
tions of  the  temperature,  and  those  of  the  elastic  forces  of  the  air 
and  vapour.  The  curve  of  gaseous  pressure  was  inverse  in  respect 
to  the  other  two  ;  that  is  to  say,  as  the  temperature  increased  the 
elastic  force  of  the  vapour  increased  also,  but  that  of  the  air  dimi- 
nished, and  vice  versa  ;  and  this  was  the  case  both  in  the  annual  and 
the  diurnal  variations. 

*  Communicated  to  the  Mathematical  and  Physical  Section  of  the  British  Asso- 
ciation for  the  Advancement  of  Science,  at  the  Cambridge  Meeting,  1845. 
t  See  Phil.  Mag.,  vol.  xxvi.  p.  94. 
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Such  being  the  facts,  I  endeavoured  to  show,  in  the  case  of  the. 
diurnal  variations,  that  the  correspondence  of  the  phenomena  of  the 
temperature  and  gaseous  pressure  might  be  explained,  in  accord- 
ance with  principles  which  had  been  long  and  universally  admitted 
in  the  interpretation  of  other  meteorological  phenomena,  by  the 
suppositions, — of  an  extension  in  height  and  consequent  overflow  in 
the  higher  regions  of  the  atmosphere  of  the  column  of  air  over  the 
place  of  observation,  during  the  hours  of  the  day  when  the  surface 
of  the  earth  was  gaining  heat  by  radiation, — and  of  a  contraction  of 
the  column  during  the  hours  of  diminishing  temperature,  and  conse- 
quent reception  of  the  overflow  from  other  portions  of  the  atmo- 
sphere, which  in  their  turn  had  become  heated  and  elongated. 

According  to  this  explanation  there  should  exist,  during  the  hours 
of  the  day  when  the  temperature  is  increasing, —  1st,  an  ascending 
current  of  air  at  the  place  of  observation,  of  which  the  strength 
should  be  measured  by  the  amount  of  the  increments  of  temperature 
corresponding  to  given  intervals  of  time;  and  2nd,  a  lateral  influx  of 
air  at  the  lower  parts  of  the  column,  of  proportionate  velocity,  con- 
stituting a  diurnal  variation  in  the  force  of  the  wind  at  the  place  of 
observation,  which  should  also  correspond  with  the  variations  of  the 
temperature  in  the  epochs  of  its  maximum  and  minimum,  and  inter- 
mediate gradation  of  strength.  The  anemometrical  observations  at 
Toronto  were  shown  to  be  in  agreement  with  the  view  which  had 
been  then  taken,  confirming  the  existence  of  a  diurnal  variation  in 
the  force  of  the  wind,  corresponding  in  all  respects  with  the  varia- 
tion of  the  temperature. 

Admitting  the  explanation  thus  offered  to  be  satisfactory  in  re- 
gard to  the  diurnal  variations,  it  was  obvious  that  the  correspond- 
ence of  the  annual  variations  of  the  temperature  and  pressures  might 
receive  an  analogous  explanation. 

A  comparison  of  the  results  of  the  observations  at  Toronto  with 
those  of  the  observations  of  M.  Kreil  at  Prague  in  Bohemia,  (pub- 
lished in  the  Mag.  und  Met.  Beob,  zu  Prag,  and  in  the  Jahrhuch 
fur  Prag.  1843,)  showed  that  the  characteristic  features  of  the  pe- 
riodical variations  at  Toronto  were  not  peculiar  to  that  locality,  but 
might  rather  be  considered  as  belonging  to  stations  situated  in  the 
temperate  zone  and  in  the  interior  of  a  continent.  The  annual  and 
diurnal  variations  at  Prague  were  also  single  progressions,  and  the 
same  correspondence  was  observable  between  the  variations  of  the 
temperature  and  of  the  gaseous  pressure. 

The  publication  of  the  volume  of  magnetical  and  meteorological 
observations  made  at  Greenwich  in  1842,  which  took  place  shortly 
after  the  meeting  of  the  Association  at  York,  enabled  me  to  add  a 
postscript  to  the  printed  statement  of  my  communication  in  the  an- 
nual volume  of  the  Association  Reports,  showing  the  correspond- 
ence of  the  results  at  Greenwich  with  the  relations  which  had  been 
found  to  exist  in  the  periodical  march  of  the  phaenomena  at  Toronto 
and  at  Prague. 

From  the  concurrence  of  these  three  stations,  it  was  obvious  that  a 
considerable  insight  had  been  obtained  into  the  laws  which  regulate 
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the  periodical  variations  in  the  temperate  zone,  and  into  the  se- 
quence of  natural  causes  and  effects,  in  accordance  with  which  the 
annual  and  diurnal  fluctuations  of  the  elastic  forces  of  air  and  vapour 
at  the  surface  of  the  earth  depend  on  the  variations  of  temperature  : 
and  from  these  premises  it  was  inferred,  that  the  normal  state  of  the 
diurnal  variations  of  the  pressures  of  the  air  and  vapour  and  of  the 
force  of  the  wind,  in  the  temperate  zone,  might  be  regarded  as  that 
of  a  single  progression  with  one  maximum  and  one  minimum,  the 
epochs  of  which  should  nearly  coincide  with  those  of  the  maximum 
and  minimum  of  temperature  *. 

That  exceptions  should  be  found  to  this  state  of  things  in  par- 
ticular localities  in  the  temperate  zone  was  far  from  being  impro- 

*  Since  this  communication  was  read  at  Cambridge  I  have  received  from  M. 
Dove  a  copy  of  a  paper  read  to  the  Academy  of  Berlin,  entitled  '  Ueber  die  perio- 
dischen  Aenderungen  des  Druckes  der  Atmosphare  im  Innern  der  Continente,'  in 
which  the  remarkable  facts  are  stated,  that  at  Catherinenbourg  and  Nertchinsk  (on 
the  mean  of  several  years),  and  at  Barnaoul  (in  the  years  1838  and  1840),  the 
mean  diurnal  barometric  curve  itself  exhibits  but  one  maximum  and  one  mini- 
mum in  the  twenty-four  hours ;  the  maximum  coinciding  nearly  with  the  coldest, 
and  the  minimum  with  the  hottest  hours  of  the  day.  At  these  stations  therefore, 
and  in  the  years  referred  to,  the  forenoon  maximum  disappeared,  and  the  barome- 
tric curve  assimilated  in  character  to  the  curve  of  the  dry  air  in  other  places  in 
the  temperate  zone.  These  stations  are  situated  far  in  the  interior  of  the  greatest 
extent  of  dry  land  on  the  surface  of  our  globe,  and  at  a  very  great  distance  from  an 
expanse  of  water,  from  whence  vapour  can  be  supplied.  The  diminished  pressure 
of  the  dry  air  produced  by  the  ascending  current  and  overflow  as  the  temperature 
of  the  day  increases,  is  not  therefore  compensated  by  an  increased  elasticity  of 
vapour,  and  the  curve  of  the  diurnal  variation  of  the  barometer  approximates  to 
the  form  assumed  when  the  elasticities  of  the  vapour  at  the  several  hours  of  ob- 
servation are  abstracted.  This  assimilation  in  character  of  the  barometric  and 
(inferred)  gaseous  curves,  which  is  thus  found  to  take  place  in  cases  where,  from 
natural  causes,  the  influence  of  the  vapour  is  greatly  lessened,  appears  a  confir- 
mation of  the  propriety  of  separating  the  effects  of  the  elastic  forces  of  the  dry 
air  and  vapour  in  their  action  on  the  barometer. 

M.  Dove  considers  that  the  single  progression  of  the  diurnal  barometric  curve, 
which  takes  place  at  the  three  Asiatic  stations  referred  to  in  this  note,  is  character- 
istic of  a  true  continental  climate.  It  is,  without  doubt,  characteristic  of  an  ex- 
treme climate,  and  as  such  is  highly  instructive.  There  appears  reason  to  doubt 
whether  an  extreme  climate  of  corresponding  character  exist  at  all  in  the  tempe- 
rate latitudes  of  the  continent  of  America. 

If,  however,  we  examine  the  record  of  the  observations  made  hourly  in  the  year 
1842  at  Catherinenbourg,  Barnaoul  and  Nertchinsk,  in  the  •  Annuaire  Magnetique 
et  Meteorologique  de  Russie,'  we  find  that  at  Catherinenbourg  in  that  year  the  ba- 
rometer exhibits  a  double  progression,  but  that  the  morning  maximum,  which  oc- 
curs at  the  observation  hour  of  8h  22m  a.m.,  exceeds  the  antecedent  minimum  only 
by  a  quantity  less  than  0003  in.  At  Barnaoul  there  is  also  a  double  progression 
in  the  barometric  mean  in  that  year,  the  morning  maximum  being  still  small,  and 
taking  place  between  the  observation  hours  of  9b  54m  and  10h  54m  a.m.  At  Ner- 
tchinsk also  there  is  a  morning  maximum  occurring  at  the  observation  hour  of  9h 
17m  a.m.  In  all  the  three  cases  the  double  progression  shown  by  the  barometer 
disappears  wholly  in  the  curve  of  the  dry  air,  which  curve  exhibits  at  these  three 
stations,  as  well  as  at  Toronto,  Prague  and  Greenwich,  but  one  maximum  and  one 
minimum  in  the  twenty-four  hours.  At  the  three  stations  of  extreme  dryness  cited 
by  M.  Dove,  therefore  the  vapour  was  still  sufficient  to  impart,  in  the  year  1842 
at  least,  a  double  progression  to  the  diurnal  variation  of  the  barometer ;  but  the 
hour  of  the  morning  maximum  was  earlier  than  where  the  increase  of  vapour,  as 
the  day  advances,  is  greater. 
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bable  ;  it  could  not  be  expected  that  the  influences  of  temperature 
should  always  be  so  simple  and  direct  as  they  appeared  to  be  at  To- 
ronto ;  and  a  more  complex  aspect  of  the  phaenomena  might  parti- 
cularly be  looked  for,  where  a  juxtaposition  should  exist  of  columns 
of  air  resting  on  surfaces  differently  affected  by  heat  (as  those  of 
land  and  sea),  and  possessing  different  retaining  and  radiating  pro- 
perties. In  such  localities  within  the  tropics,  the  well-known  regular 
occurrence  of  land  and  sea  breezes  for  many  months  of  the  year 
made  it  obvious  that  a  double  progression  in  the  diurnal  variation 
of  the  force  of  the  wind  must  exist,  and  rendered  it  highly  probable 
that  a  double  progression  of  the  gaseous  pressure  would  also  be 
found.  It  was  therefore  with  great  pleasure  that  I  received,  through 
the  kindness  of  Dr.  Buist,  a  copy  of  the  monthly  abstracts  of  the 
two-hourly  meteorological  observations,  made  under  that  gentle- 
man's superintendence  at  the  observatory  at  Bombay  in  the  year 
1843  ;  accompanied  by  a  copy  of  his  meteorological  report  for  that 
year,  possessing  a  particular  value,  in  the  full  account  which  it  gives 
of  the  periodical  variations  of  the  wind,  and  in  the  means  which  it 
thereby  affords  of  explaining  the  diurnal  variation  of  the  gaseous 
pressure.  This  pressure  presents  at  Bombay  an  aspect  at  first  sight 
more  complex  than  at  the  three  above-named  stations  in  the  tempe- 
rate zone,  but  I  believe  it  to  be  equally  traceable  to  variations  of  the 
temperature,  and  to  furnish  a  probable  type  of  the  variations  at  in- 
tertropical stations  similarly  circumstanced  in  regard  to  the  vicinity 
of  the  sea. 

The  observatory  at  Bombay  is  situated  on  the  island  of  Colabah, 
in  N.  lat.  18°  51'  and  E.  long.  72°  50'  at  an  elevation  of  thirty-five 
feet  above  the  level  of  the  sea.  In  the  copy  of  the  observations  re- 
ceived from  Dr.  Buist,  the  monthly  abstracts  are  given  separately 
for  each  month,  of  the  standard  thermometer, — of  the  wet  thermo- 
meter, and  of  its  depression  below  the  dry, — and  of  the  barometer. 
In  Table  1. 1  have  brought  in  one  view  the  thermometrical  and  baro- 
metrical means  at  every  second  hour,  and  the  mean  tension  of  the 
vapour  and  mean  gaseous  pressure  at  the  same  hours.  The  tension 
of  the  vapour  at  the  several  observation  hours  has  been  computed 
from  the  monthly  means,  at  the  same  hours,  of  the  wet  thermometer 
and  of  its  depression  below  the  dry  thermometer.  The  values  are 
consequently  somewhat  less  than  they  would  have  been,  had  the  ten- 
sion been  computed  from  each  individual  observation  of  the  wet 
and  dry  thermometers,  and  had  the  mean  of  the  tensions  thus  ob- 
tained been  taken  as  the  value  corresponding  to  the  hour.  The  dif- 
ference is  however  so  small,  that  for  the  present  purpose  it  may  be 
regarded  as  quite  insignificant.  It  would  not  amount  in  a  single 
instance  to  the  hundredth  part  of  an  inch ;  and  as  in  every  instance 
the  difference  would  be  in  the  same  direction,  the  relative  values, 
which  are  those  with  which  we  are  at  present  concerned,  would  be 
scarcely  sensibly  affected.  The  pressures  of  the  dry  air  (or  the  ga- 
seous pressures)  are  obtained  by  deducting  the  tension  of  the  vapour 
from  the  whole  barometric  pressure. 
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Table  I. 


Bombay,  1843. — Mean  Temperature,  Mean  Barometric  Pressure, 
Mean  Tension  of  Vapour,  and  Mean  Gaseous  Pressure  at  every 
second  hour. 


Hours  of  Mean  Bombay 
Time.    Astronomical 
Reckoning. 

Temperature. 

Barometer. 

Tension  of 
Vapour. 

Gaseous 
Pressure. 

18 

20 

22 

0 

2 

4 

6 

8 

10 

12 

14 

16 

78-4 
79-6 
81-8 
83-2 
84-1 
83-9 
82-3 
81-2 
80-3 
79-8 
79-4 
78-9 

in. 
29-805 
29-840 
29-852 
29-817 
29-776 
29-755 
29-774 
29-806 
29-825 
29-809 
29-786 
29-778 

in. 

0-750 
0-766 
0-771 
0-768 
0-795 
0-800 
0-802 
0-801 
0-780 
0-775 
0-766 
0-761 

in. 
29-055 
29074 
29-081 
29049 
28-981 
28-955 
28-972 
29-005 
29045 
29034 
29020 
29-017 

Mean  of  the  year    ... 

81-1 

29-802 

0-780 

29022 

The  sun  is  vertical  at  Bombay  twice  in  the  year,  viz.  in  the  middle 
of  May  and  towards  the  end  of  July.  The  rainy  season  sets  in  about 
the  commencement  of  June  (in  1845  on  the  2nd  of  June),  and  ter- 
minates in  August,  but  with  heavy  showers  of  no  long  duration  con- 
tinuing into  September.  During  the  rainy  season,  and  in  the  month 
of  May  which  immediately  precedes  it,  the  sky  is  most  commonly 
covered  with  clouds,  by  which  the  heating  of  the  earth  by  day,  and 
its  cooling  at  night  by  radiation,  are  impeded,  and  the  range  of  the 
diurnal  variation  of  the  temperature  is  greatly  lessened  in  compari- 
son with  what  takes  place  at  other  times  in  the  year.  The  strength 
of  the  land  and  the  sea  breezes  in  those  months  is  also  comparatively 
feeble,  and  on  many  days  the  alternation  of  land  and  sea  breeze  is 
wholly  wanting.  During  the  months  of  November,  December,  Ja- 
nuary and  February,  the  diurnal  range  of  the  temperature  is  more  than 
twice  as  great  as  in  the  rainy  season,  and  the  land  and  sea  breezes 
prevail  with  the  greatest  regularity  and  force. 

In  addition  to  the  monthly  tables,  we  may  therefore  advantage- 
ously collect  in  one  view,  for  purposes  of  contrast,  the  means  of  the 
months  of  May,  June,  July  and  August,  as  the  season  when  the  sky 
is  generally  clouded, — and  of  the  months  of  November,  December, 
January  and  February,  as  the  season  of  opposite  character,  when  the 
range  of  the  diurnal  temperature  is  greatest,  and  the  land  and  sea 
breezes  alternate  regularly,  and  blow  with  considerable  strength. 
These  seasons  are  contrasted  in  Table  II. 

If  we  direct  our  attention  to  the  diurnal  variations,  commencing 
with  those  of  the  temperature,  we  find  them  exhibiting  a  single  pro- 
gression, having  a  minimum  at  18h  and  a  maximum  at  2h;  the  ave- 
rage difference  between  the  temperature  at  18h  and  2h  being  70,77 
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in  the  clear  season,  3°*7l  in  the  clouded  season,  and  5°'l  on  the  mean 
of  the  whole  year. 

When  however  we  direct  our  attention  to  the  gaseous  pressure,  we 
perceive,  very  distinctly  marked,  the  characters  of  a  double  progres- 
sion, having  one  maximum  at  10h  and  another  at  22h  ;  one  minimum 
at  4h  and  another  at  16h.  The  double  progression  is  exhibited  both 
in  the  clouded  and  in  the  clear  seasons,  with  a  slight  difference 
only  in  the  hours  of  maxima ;  the  principal  maximum  in  the  cloudy 
season  being  at  20h  instead  of  22h,  and  the  inferior  maximum  in  the 
clear  season  being  at  12h  instead  of  10h.  The  range  of  the  diurnal 
variation,  like  that  of  the  temperature,  is  more  than  twice  as  great  in 
the  clear  as  in  the  clouded  season,  marking  distinctly  the  connexion 
subsisting  between  the  phamomena  of  the  temperature  and  of  the 
gaseous  pressure. 

Table  II. 

Bombay,  1843. — Comparison  of  the  Temperature  and  of  the  Ga- 
seous Pressure  in  the  months  of  May,  June,  July  and  August, 
when  the  sky  is  usually  covered  with  clouds ;  and  in  November, 
December,  January  and  February,  when  the  sky  is  usually  clear. 


Hours  of  Mean  Time  at 

Bombay. 
Astronomical  Beckoning. 

Temperat 

ire. 

Gaseous  Pressure. 

November,  December, 
January  and  February. 

May,  June,  July 
and  August. 

November,  December, 
January  and  February. 

May,  June,  July 
and  August. 

18 

74-1 

$1-9 

in. 
29-344 

in. 

28-782 

20 

75  3 

831 

29-368 

28-806 

22 

78-1 

843 

29-391 

28-798 

0 

80-8 

851 

29-353 

28-782 

2 

81-9 

85-6 

29-230 

28-746 

4 

81-7 

85-4 

29-195 

28-724 

6 

79-6 

84-3 

29-199 

28-740 

8 

78-4 

83-4 

29-248 

28-754 

10 

76-9 

830 

29-308 

'28-800 

12 

76-2 

82-7 

29-316 

28-775 

14 

75-7 

82-6 

29295 

28-754 

16 

74-9 

82-2 

29-285 

28-753 

77-8 

83-7 

29-298 

28-763 

If  we  now  turn  our  attention  to  the  phenomena  of  the  direction 
and  force  of  the  wind,  we  find  by  Dr.  Buist's  report,  that  for  200 
days  in  the  year  there  is  a  regular  alternation  of  land  and  sea  breezes. 
The  land  breeze  springs  up  usually  about  10h,  or  between  10h  and 
14h,  blows  strongest  and  freshest  towards  daybreak,  and  gradually 
declines  until  about  22h,  at  which  time  the  direction  of  the  aerial 
currents  changes,  and  there  is  generally  a  lull  of  an  hour  or  an  hour 
and  a  half's  duration.  The  sea  breeze  then  sets  in,  the  ripple  on 
the  surface  of  the  water  indicating  its  commencement  being  first  ob- 
served close  in  shore,  and  extending  itself  gradually  out  to  sea.  The 
sea  breeze  is  freshest  from  2h  to  4h,  and  progressively  declines  in  the 
evening  hours. 
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The  diurnal  variation  in  the  force  of  the  wind  during  these  200 
days  is  therefore  obviously  a  double  progression,  having  two  maxima 
and  two  minima ;  one  maximum  at  or  near  the  hottest,  and  the  other 
at  or  near  the  coldest  hour  of  the  day, — being  the  hours  when  the 
difference  of  temperature  is  greatest  between  the  columns  of  air 
which  rest  respectively  on  the  surfaces  of  land  and  sea ;  and  two 
minima  coinciding  with  the  hours,  when  the  surface  temperature  over 
the  land  and  over  the  sea  approaches  nearly  to  an  equality. 

In  the  remaining  portion  of  the  year  the  diurnal  range  of  the  tem- 
perature is  most  frequently  insufficient  to  produce  that  alternation 
in  the  direction  of  the  wind,  which  prevails  uninterruptedly  during 
the  larger  portion.  There  appears  however  to  have  been  only  one 
month,  viz.  July,  in  the  year  1843,  in  which  there  were  not  some 
days  in  which  the  alternation  of  land  and  sea  breezes  was  percep- 
tible. The  causes  which  produce  the  alternation  are  not  therefore 
wholly  inoperative, though  the  effects  are  comparatively  feeble  during 
the  clouded  weather  which  accompanies  the  south-west  monsoon*. 

If  we  now  view  together  the  diurnal  variations  of  the  wind  and 
gaseous  pressure,  as  shown  in  Plate  I.,  we  find  a  minimum  of  pres- 
sure coinciding  with  the  greatest  strength  of  the  sea  breeze ;  a 
second  minimum  of  pressure  coinciding  with  the  greatest  strength 
of  the  land  breeze ;  and  a  maximum  of  pressure  at  each  of  the  pe- 
riods when  a  change  takes  place  in  the  direction  of  the  aerial  cur- 
rents ;  or,  otherwise  stated,  we  find  a  decrease  of  pressure  coincident 
with  the  increase  of  strength  both  of  the  land  and  sea  breezes,  and 
an  increase  of  pressure  coincident  with  their  decline  in  strength. 

The  facts  thus  stated  appear  to  me  to  admit  of  the  following  ex- 
planation : — the  diminution  of  pressure  which  precedes  the  mini- 
mum at  4h  is  occasioned  by  the  rarefaction  and  ascent  of  the  co- 
lumn during  the  heat  of  the  day,  and  its  consequent  overflow  in  the 
higher  regions  of  the  atmosphere,  which  is  but  partially  counter- 
balanced in  the  forenoon  by  the  influx  of  the  sea  breeze  at  the  lower 
part  of  the  column.  Shortly  after  the  hottest  hour  is  passed,  the 
overflow  above  and  the  supply  below  become  equal  in  amount,  and 
the  diminution  of  pressure  ceases.  As  the  temperature  falls  to- 
wards evening,  the  column  progressively  contracts,  when  the  influx 
from  the  sea  breeze  more  than  counterbalances  the  overflow,  and 
the  pressure  again  increases  until  a  temporary  equilibrium  is  re- 
stored, when  the  sea  breeze  ceases  and  the  pressure  is  stationary. 

As  the  night  advances,  the  air  over  the  land  becomes  colder  than 
over  the  sea ;  the  length  of  the  column  over  the  land  contracts,  and 
the  air  in  its  lower  part  becomes  denser  than  in  that  over  the  sea : 
an  interchange  then  commences  of  an  opposite  character  to  that 
which  prevailed  during  the  day.  The  outward  flow  is  now  from 
the  lower  part  of  the  column,  or  from  the  land  towards  the  sea, 

*  There  are  no  data  in  Dr.  Buist's  report  from  which  the  diurnal  variation  in 
the  force  of  the  wind  may  be  judged  of  in  the  days  during  the  south-west  mon- 
soon, when  no  alternation  takes  place  in  its  direction.  It  would  seem  probable 
that  on  such  days  the  variation  should  be  a  single  progression,  weakest  towards 
daybreak,  and  strongest  about  the  hottest  hour  of  the  day. 
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causing  the  pressure  to  diminish  over  the  land ;  it  continues  to  do 
so  until  towards  daybreak,  when  the  strength  of  the  land  breeze  is 
greatest,  because  the  air  over  the  land  is  then  coldest  in  comparison 
with  that  over  the  sea.  As  the  sun  gains  in  altitude  and  the  tempe- 
rature of  the  day  advances,  the  land  heats  rapidly ;  the  density  of 
the  air  over  the  land  and  sea  returns  towards  an  equality ;  the  land 
breeze  declines  in  strength,  and  the  drain  from  the  lower  part  of  the 
column  ceases  to  counterbalance  the  overflow  which  the  land  column 
is  at  the  same  time  receiving  in  the  higher  regions ;  the  pressure 
consequently  having  attained  a  second  minimum  at  or  near  the  hour 
of  the  greatest  disproportion  of  temperature,  again  increases  until 
the  temperature  and  height  of  the  column  over  the  sea  and  land  are 
the  same,  and  the  pressure  again*  becomes  stationary.  But  now  the 
rarefaction  of  the  column  over  the  land  continuing,  its  increase  in 
height  above  the  less  heated  column  with  which  it  is  in  juxtaposi- 
tion, and  its  consequent  overflow,  occasion  the  pressure  to  decrease 
until  the  minimum  at  4  o'clock  is  reached. 

We  have  thus  therefore  at  Bombay  a  double  progression  of  tlie 
diurnal  variation  of  the  gaseous  pressure ;  the  principal  minimum  oc- 
curring at  4  o'clock  in  the  afternoon,  occasioned  by  an  overflow  from 
the  column  in  the  higher  regions  of  the  atmosphere  ;  and  the  second 
minimum  occurring  at  18h,  occasioned  by  an  efflux  from  the  lower 
part  of  the  column.  The  first  minimum  is  similar  to  that  which  has 
been  shown  to  take  place  at  Toronto,  Prague  and  Greenwich,  and  is 
similarly  explained :  the  second  minimum,  which  does  not  take  place 
at  the  three  above-named  stations,  is  owing  to  the  juxtaposition  of 
the  columns  of  air  over  the  sea  and  land,  which  differ  in  tempera- 
ture, and  therefore  in  density  and  height,  in  consequence  of  their 
resting  respectively  on  surfaces  which  are  differently  affected  by  heat. 

Plate  It  shows  the  curve  of  the  gaseous  pressure,  and  the  curve 
of  the  elastic  force  of  the  vapour ;  and  between  them  is  placed  a  dia- 
gram illustrating  the  hours  of  prevalence  and  of  the  greatest  strength 
of  the  land  and  sea  breezes.  At  Toronto  and  at  Greenwich  the  di- 
urnal curve  of  the  vapour  is  a  single  progression,  having  its  maxi- 
mum at  or  near  the  hottest  hour  of  the  day,  and  its  minimum  at  or 
near  the  coldest  hour.  We  perceive  in  the  Plate  which  represents 
the  phenomena  at  Bombay,  the  modification  which  takes  place  in 
consequence  of  the  supply  of  vapour  brought  in  by  the  sea  breeze 
continuing  until  a  late  hour  in  the  evening,  and  prolonging  the  pe- 
riod during  which  the  tension  is  at  or  near  its  maximum.  The  mi- 
nimum occurs  as  usual  at  or  near  the  hour  of  the  coldest  tempera- 
ture. 

If,  then,  the  explanation  which  I  have  offered  to  the  Section,  of  the 
physical  causes  which  produce  the  diurnal  variation  of  the  gaseous 
pressure  at  Bombay,  be  correct,  the  diurnal  variation  of  the  barome- 
tric pressure  occurring  there  is  also  explained,  since  it  is  simply  the 
combination  of  the  two  clastic  forces  of  the  air  and  of  the  vapour. 

The  solution  of  the  problem  of  the  diurnal  variation  of  the  baro- 
meter is  therefore  obtained  by  the  resolution  of  the  barometric  pres- 
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sure  into  its  constituent  pressures  of  vapour  and  air;  since  the  phy- 
sical causes  of  the  diurnal  variation  of  the  component  pressures  have 
been  respectively  traced  to  the  variations  of  temperature  produced 
in  the  twenty-four  hours  by  the  earth's  revolution  on  its  axis,  and 
to  the  different  properties  possessed  by  the  material  bodies  at  the  sur- 
face of  the  globe  in  respect  to  the  reception,  conveyance,  and  radia- 
tion of  heat. 

Annual  variation. — We  now  proceed  to  the  annual  variations, 
which  are  shown  in  the  subjoined  table. 

Table  TIL 


1843. 

Tempera- 
ture. 

Vapour 
Pressure. 

Gaseous 
Pressure. 

Barometer. 

Monthly  Means  greater  ( + )  or  less 
( — )  than  the  Annual  Means. 

Tempera- 
ture. 

Vapour 
Pressure. 

Gaseous 
Pressure. 

January    ... 
February  ... 

76-4 

77-7 
79-7 
84-2 
85-9 
85-4 
821 
81-2 
811 
82-2 
80-5 
76-6 

0-578 
0-648 
0-710 
0-853 
0921 
0-935 
0-896 
0-859 
0-859 
0-819 
0-675 
0-592 

29-352 
29-246 
29128 
28-961 
28-743 
28-718 
28-737 
28-869 
28-920 
29026 
29-213 
29-368 

29-930 
29-894 
29-838 
29-814 
29664 
29-653 
29-633 
29-728 
29-779 
29-845 
29-888 
29-960 

o 

67 
71 
74 

76 

78 
80 
85 
84 
84 
78 
67 
67 

-47 
-3-4 
-1-4 
431 
+4-8 
+4-3 
+  10 
+01 
00 

+11 

-0-6 
-4-5 

-0-202 
-0132 
-0  070 

+0073 
+0141 
+0155 
+0116 
+0079 
+0-079 
+0039 
-0105 
-0-188 

+0-329 
+0-223 
+0105 
-0062 
-0-280 
-0-305 
-0-286 
-0154 
-0103 
+0003 
+0-190 
+0-345 

Julv 

September. . 
October    ... 
November . . 
December . . 

811 

0-780 

29-023 

29-803 

76 

We  here  perceive  that  the  leading  features  of  the  phenomena  are 
clearly  analogous  to  those  which  have  been  seen  to  present  them- 
selves at  Toronto,  Prague  and  Greenwich  ;  viz.  a  correspondence  of 
the  maximum  of  vapour  pressure  and  minimum  of  gaseous  pres- 
sure with  the  maximum  of  temperature, — and  of  the  minimum  of 
vapour  pressure  and  maximum  of  gaseous  pressure  with  the  mini- 
mum of  temperature ;  and  a  progressive  march  of  the  three  varia- 
tions from  the  minimum  to  the  maximum,  and  back  to  the  minimum 
again.  The  epochs,  or  turning-points  of  the  respective  phenomena, 
are  not  in  every  case  strictly  identical ;  but  their  connexion,  which 
is  the  subject  immediately  before  us,  is  most  obvious. 

We  have  thus  a  further  illustration  of  the  universality  of  the  prin- 
ciple of  the  dependence  of  the  regular  periodical  variations,  annual 
as  well  as  diurnal,  of  the  pressures  of  the  dry  air  and  of  the  vapour, 
on  those  of  the  temperature  *. 

*  In  the  tropics  and  in  the  temperate  zone  the  heat  of  summer  produces  and 
accompanies  a  low  gaseous  pressure,  and  the  cold  of  winter  a  high  gaseous  pres- 
sure. When  we  consider  how  large  a  portion  of  the  northern  hemisphere  is  occu- 
pied by  land,  which  becoming  greatly  heated  in  summer  rarefies  the  superincum- 
bent atmosphere,  causing  it  to  overtop  the  adjacent  less  heated  masses,  and  to 
overflow  them,  we  should  be  led  to  expect  that  in  parts  of  the  Arctic  Circle  situ- 
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The  humidity  exhibits  also  a  single  progression ;  but  may  perhaps 
be  rather  characterized  as  evidencing  a  very  dry  season  from  No- 
vember to  February,  and  a  very  humid  one  from  June  to  Septem- 

ated  to  the  north  of  the  great  continents,  the  gaseous  pressure  should  be  in- 
creased in  summer,  and  that  the  curve  of  annual  variation  should  become  the  con- 
verse of  what  it  is  in  the  lower  latitudes.  It  appears  from  the  meteorological  ob- 
servations made  in  1843  by  Messrs.  Grewe  and  Cole,  and  presented  to  the  British 
Association  at  the  York  meeting  by  Dr.  Lee,  that  such  is  the  case  at  Alten,  near 
the  north  cape  of  Europe.  The  barometer  and  thermometer  were  observed  three 
times  a  day,  from  October  1842  to  December  1843  inclusive.  The  hours  of  ob- 
servation were  9  a.m.,  3  p.m.  and  9  p.m.  No  hygrometric  observations  were 
made,  but  we  are  able  to  infer  the  approximate  tension  of  the  vapour  from  the 
record  of  the  thermometer.  The  quarterly  means  of  the  barometer  and  thermo- 
meter in  1843  are  as  follows ;  the  barometer  being  reduced  to  the  level  of  the 
sea,  and  corrected  for  gravity : — 

Barometer.  Thermometer, 

in.  0 

December,  January,  February 29-375  24  F. 

March,  April,  May  29-948  277 

June,  July,  August    29-905  52-4 

September,  October,  November  ...     29-716  34-2 

Mean  of  the  year 29-736  34-6 

Assuming  the  humidity  in  each  quarter  of  the  year  to  be  75,  or  the  vapour  to 
be  in  each  case  three-fourths  of  that  required  for  saturation  at  the  respective  tem- 
peratures, we  should  have  the  following  gaseous  pressures  : — 

in. 

December,  January,  February 29-25  7 

March,  April,  May    29-804 

June,  July,  August   29-616 

September,  October,  November,  December  ...     29-566 

29-561 

It  appears  therefore  that  in  the  six  summer  months  the  mean  barometric  pressure 
exceeded  that  of  the  winter  months  by  0-381  inch;  and  the  mean  gaseous  pres- 
sure of  summer  exceeded  that  of  winter  by  about  0-3  inch.  As  in  this  case  the 
curve  of  the  gaseous  pressure,  as  well  as  that  of  the  aqueous  vapour,  accords  in 
character  with  the  curve  of  temperature,  i.  e.  ascends  with  ascending  temperature, 
and  descends  with  descending  temperature, — the  barometric  annual  range  is 
greater  than  the  gaseous  annual  range,  which  is  contrary  to  what  takes  place  in 
the  temperate  and  equatorial  zones.  It  is  not  improbable  that  in  the  Antarctic 
Circle  the  phaenomenon  which  we  have  just  noticed  as  taking  place  in  the  Arctic 
Circle,  viz.  the  summer  increase  of  the  gaseous  pressure, — may  not  be  found  in  the 
same  degree,  if  at  all ;  for  the  two  hemispheres  present  a  remarkable  contrast  in 
their  respective  proportions  of  sea  and  land,  and  the  rarefaction  of  the  atmosphere 
over  the  middle  latitudes  of  the  southern  hemisphere  during  its  summer  must  be 
greatly  less  than  in  the  same  latitudes  of  the  northern  hemisphere  in  the  corre- 
sponding season.  The  barometrical  observations  made  by  Sir  James  Ross  in 
summer  in  the  Antarctic  Circle  accord  with  this  inference  ;  since  after  correcting 
them  for  the  shortening  of  the  column  of  mercury  by  the  increased  force  of  gravity 
in  the  high  latitudes,  and  abstracting  the  small  tension  of  vapour  corresponding 
to  the  temperature,  the  mean  gaseous  pressure  deduced  from  them,  though  nearly 
equal  to  the  mean  gaseous  pressure  of  the  year  at  Bombay,  does  not  exceed  it ; 
whereas  at  Alten  it  is  only  in  the  winter  months  that  the  gaseous  pressure  descends 
so  low  as  to  approximate  to  the  usual  mean  gaseous  pressure  of  the  tropical  re- 
gions. 

It  is  much  to  be  desired  that  the  zealous  observers  at  Alten  should  observe  the 
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ber,  the  latter  season  being  that  of  the  rains.  The  average  degree 
of  humidity  in  the  year  is  very  slightly  lower  than  either  at  Toronto 
or  at  Greenwich,  but  is  still  closely  approaching  to  a  value  expressing 
the  presence  of  three-fourths  of  the  quantity  of  vapour  required  for 
saturation. 

The  mean  gaseous  pressure  in  184-3,  derived  from  the  two-hourly 
observations,  appears  to  have  been  (29*023  +  0*025,  an  index  cor- 
rection which  Dr.  Buist  gives  as  that  of  the  barometer  with  which 
the  observations  were  made  =)  29*048  English  inches;  or,  mea- 
sured by  the  height  of  a  mercurial  column  in  the  latitude  of  4-5°, 
28*988.  The  height  above  the  sea  is  thirty-five  feet,  and  the  latitude 
19°  N. 

The  mean  height  of  the  barometer  in  the  year  1843,  derived  from 
observations  at  every  second  hour,  appears  to  have  been  (29*803 
+  0*025  = )  29*828,  or,  with  the  correction  applied  for  gravity, 
29*768,  the  elevation  being  thirty-five  feet  above  the  sea.  This  is 
less  than  what  is  generally  received  as  the  average  height  of  the 
barometer  in  the  same  latitude.  From  the  careful  comparison  de- 
scribed in  Dr.  Buist's  report  of  the  standard  barometer  with  se- 
veral other  barometers,  there  seems  great  reason  to  believe  that  the 
mean  height  shown  by  it  must  be  a  very  near  approximation  at 
least  to  the  true  mean  atmospheric  pressure  in  the  year  1843  at 
Bombay. 

The  mean  height  of  the  barometer  in  the  four  clouded  months 
of  May,  June,  July  and  August,  is  29*667 ;  and  in  the  four  clear 
months  of  November,  December,  January  and  February,  29*921. 
The  mean  vapour  pressure  in  the  same  seasons  is  respectively  0*904 
and  0*623,  and  the  gaseous  pressure  consequently  28*763  and  29*298. 
There  is  therefore  between  the  two  seasons  a  difference  of  0*535  in. 
of  gaseous  pressure,  and  of  5°*84  of  temperature ;  the  lowest  pres- 
sure corresponding  to  the  highest  temperature,  and  vice  versa.  If 
we  may  allow  ourselves  to  make  a  rough  proportion  drawn  from  a 
single  case,  we  may  estimate  a  decrement  of  0*1  in.  of  pressure  to 
an  increment  of  1°  F.  The  highest  temperature  and  lowest  pressure 
are  accompanied  for  nearly  the  whole  of  the  period  by  the  southern 
monsoon ;  the  lowest  temperature  and  the  highest  pressure  are  ac- 
companied by  the  northern  monsoon. 

The  curves  of  the  annual  variation  of  the  gaseous,  barometric, 
and  vapour  pressures,  which  are  represented  in  Plate  I.,  show  how 
much  of  the  influence  produced  on  the  gaseous  pressure,  by  the  al- 
ternation of  the  overflow  in  the  high  regions  of  the  atmosphere  as 
either  side  of  the  equator  becomes  heated  in  its  turn,  is  masked  in 
the  barometric  curve  by. the  combination  in  the  latter  of  the  vapour 
pressure,  the  variations  of  which  take  place  throughout  the  year 

■wet  thermometer  at  the  same  time  as  the  harometer ;  the  register  would  also  be 
rendered  much  more  complete  by  the  addition  of  another  observation-hour,  about 
6  a.m.,  which  might  not  perhaps  be  inconvenient.  The  atmospheric  pressure  and 
the  tension  of  vapour  at  or  near  the  coldest  hour  of  the  twenty-four,  are  important 
data  in  meteorological  discussions. 
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in  the  opposite  direction  to  those  of  the  gaseous  pressure.  From 
this  cause  the  range  of  the  barometric  curve  during  the  year  is  only 
()*."27  inch,  whilst  that  of  the  gaseous  pressure  is  0*650  inch. 

The  analogy  of  the  annual  and  diurnal  variations,  considered  in 
respect  to  the  explanation  which  has  been  attempted  of  the  latter, 
is  too  obvious  to  be  dwelt  upon.  The  decreased  gaseous  pressure 
in  the  hot  season  is  occasioned  by  the  rarefaction  of  the  air  over  the 
land  whilst  the  sun  is  in  the  northern  signs,  and  its  consequent  over- 
flow in  the  higher  regions,  producing  a  return  current  in  the  lower 
strata ;  and  the  increased  pressure  in  the  cold  season  is  occasioned 
by  the  cooling  and  condensation  of  the  air,  whilst  the  sun  is  on  the 
south  side  of  the  equinoctial,  and  its  consequent  reception  of  the 
overflow  in  the  upper  strata  from  the  regions  which  are  then  more 
powerfully  warmed,  and  which  is  but  partially  counteracted  by  the 
opposite  current  in  the  lower  strata. 

In  concluding  this  communication,  I  beg  respectfully  to  submit  to 
the  consideration  of  the  eminent  meteorologists  here  present,  that  it 
is  very  important  towards  the  progress  of  this  science,  that  the  pro- 
priety (in  such  discussions  as  the  present)  of  separating  the  effect  of 
the  two  elastic  forces  which  are  considered  to  unite  in  forming  the 
barometric  pressure,  should  be  speedily  admitted  or  disproved. 
The  very  remarkable  fact  recently  brought  to  our  notice  by  Sir 
James  Ross,  as  one  of  the  results  of  his  memorable  voyage,  that  the 
mean  height  of  the  barometer  is  full  an  inch  less  in  the  latitude  of 
75°  S,  than  in  the  tropics,  and  that  it  diminishes  progressively  from 
the  tropics  to  the  high  latitudes,  presses  the  consideration  of  this 
point  upon  our  notice  ;  for  it  is  either  explained  wholly  or  in  greater 
part  by  the  diminution  of  the  vapour  constituent  in  the  higher  lati- 
tudes, which  diminution  appears  nearly  to  correspond  throughout 
to  the  decrease  of  barometric  pressure  observed  by  Sir  James  Ross ; 
or  it  is  a  fact  unexplained,  and  I  believe  hitherto  unattempted  to  be 
explained,  on  any  other  hypothesis,  and  of  so  startling  a  character 
as  to  call  for  immediate  attention. 

If,  by  deducting  the  tension  of  the  vapour  from  the  barometric 
pressure,  we  do  indeed  obtain  a  true  measure  of  the  pressure  of  the 
gaseous  portion  of  the  atmosphere,  the  variations  of  the  mean  annual 
gaseous  pressure,  which  will  thus  be  obtained  in  different  parts  of 
the  globe, — and  the  differences  of  pressure  in  different  seasons  at 
individual  stations, — may  be  expected  to  throw  a  much  clearer  light 
than  we  have  hitherto  possessed  on  those  great  aerial  currents,  which 
owe  their  origin  to  variations  of  temperature  proceeding  partly  from 
the  different  angles  of  inclination  at  which  the  sun's  rays  are  re- 
ceived, and  partly  from  the  nature  and  configuration  of  the  material 
bodies  at  the  surface  of  the  earth  :  and  afield  of  research  appears  to 
be  thus  opened  by  which  our  knowledge  of  both  the  persistent  and 
the  periodical  disturbances  of  the  equilibrium  of  the  atmosphere  may 
be  greatly  extended. 
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IX.  On  some  New  Sjiccies  of  Animal  Concretions. 
By  Thomas  Taylor,  Surgeon. 

To  Richard  Taylor,  Esq. 
Dear  Sir, 
\  S  the  Catalogue  of  the  Calculi  belonging  to  the  Royal 
■*"*■  College  of  Surgeons  has  now  been  published  some 
months,  and  there  consequently  remains  no  further  necessity 
for  silence,  I  purpose  in  the  following  paper  to  redeem  the 
promise  I  formerly  made,  of  describing  some  of  the  more  re- 
markable of  the  concretions  which  have  been  discovered  du- 
ring the  examination  of  that  very  large  collection ;  and  also 
to  detail  the  experimental  proofs  on  which  the  assertions  as 
to  their  composition  were  founded  in  the  short  notice  which 
you  did  me  the  favour  of  inserting  in  this  Journal  in  May 
1844. 

I  do  this  the  more  willingly,  as  it  was  considered  advisable 
to  omit  the  details  of  the  analyses  in  the  Catalogue.  More- 
over, the  Catalogue  having  but  a  limited  circulation,  many  of 
the  new  facts  that  have  been  elicited  would  not  otherwise  be 
generally  known.  I  shall,  however,  confine  myself  in  this 
paper  to  the  notice  only  of  such  concretions  as  are  entirely 
new,  or  whose  composition  has  been  either  imperfectly  or  in- 
correctly described.  For  the  historical  account  of  the  succes- 
sive steps  by  which  our  present  knowledge  of  these  bodies  has 
been  obtained,  and  for  the  description  of  the  more  common 
species  of  calculi,  I  must  refer  to  the  Catalogue  itself. 

Urinary  Calculus  from  the  Iguana,  consisting  of  Urate  of 

Potass. 

Small  and  unimportant  quantities  of  urate  of  potass  may 
occasionally  be  detected  in  human  urinary  calculi,  but  no  in- 
stance of  this  salt  constituting  an  entire  calculus  has  hitherto 
been  described.  There  are  three  specimens  of  this  description 
in  the  College  collection,  which  resemble  each  other  in  every 
respect  save  in  size.  Two  of  them  were  described  in  the  MS. 
Catalogue  of  Sir  Hans  Sloane's  collection  as  "  Piedra  de 
Yguana,"and  there  is  little  doubt  but  that  they  were  taken  from 
the  urinary  bladder  of  some  of  the  large  Iguanas  or  tree  lizards 
of  South  America.  The  other  concretion  had  no  history,  but 
had  been  described  as  "a  mixed  calculus  in  which  uric  acid 
predominates."  Although  much  larger,  it  was  so  similar  in 
composition  and  general  appearance  to  the  others,  that  there 
does  not  appear  any  reason  to  doubt  its  having  a  similar  ori- 
gin. In  their  external  characters  these  concretions  resembled 
calculi  composed  of  the  mixed  phosphates,  being  made  up  of 
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concentric  layers  of  a  dirty  white  colour  with  a  shade  of  pink. 
They  were  of  an  ovoid  figure,  but  all  of  them  were  remark- 
able for  being  flattened  in  a  peculiar  manner  on  one  side. 

When  heated  before  the  blowpipe  they  consumed  like  a 
uric  acid  calculus,  but  left  a  fusible  salt  which  spread  over  the 
platina  foil,  and  tinged  the  outer  flame  violet.  When  heated 
in  a  test-tube,  carbonate  and  hydrocyanate  of  ammonia  with 
a  little  empyreumatic  oil  and  water  were  given  off'.  The  car- 
bonaceous residue,  when  treated  with  water,  gave  a  solution 
which  had  a  strong  alkaline  reaction,  effervesced  with  acids, 
and  emitted  a  slight  odour  of  prussic  acid.  Tartaric  acid  and 
chloride  of  platina  produced  in  the  solution  precipitates  indi- 
cative of  the  presence  of  potass. 

Water  digested  upon  the  powdered  calculus  afforded  a  so- 
lution which  deposited  small  scales  of  suburate  of  potass  upon 
being  evaporated ;  the  liquor  gave  no  precipitate  with  a  salt 
of  lime,  consequently  no  soluble  oxalate  was  present. 

When  digested  with  caustic  potass,  ammonia  was  freely 
evolved,  and  the  whole  dissolved  with  the  exception  of  a  little 
flocculent  matter.  The  alkaline  solution,  when  mixed  with 
muriatic  acid,  gave  a  copious  precipitate  of  uric  acid.  It  was 
therefore  evident  that  these  concretions  consisted  chiefly  of 
urate  of  potass  mixed  with  urate  of  ammonia. 

The  relative  proportion  of  their  constituents  was  estimated 
in  the  following  manner : — 

19'lOgrs.,  when  submitted  to  a  current  of  dry  air  at  212° 
Fahr.,  lost  0*32  water,  =  1*67  per  cent.  The  dried  powder 
was  digested  in  boiling  acetic  acid,  which  decomposed  the 
urate  of  potass  and  left  a  residue  which  weighed  15*02grs., 
=  78*64  per  cent.  This  residue  was  found  to  consist  of  uric 
acid,  containing  a  small  trace  of  oxalate  of  lime. 

The  acetic  solution  being  evaporated  to  dryness  was  boiled 
with  proof  spirit;  the  whole  dissolved  with  the  exception  of 
some  light  yellow  flocks  of  animal  matter,  which  amounted  to 
0*52  gr.j  =  2*73  per  cent. 

The  spirituous  solution  being  evaporated  to  dryness,  the 
earthy  and  alkaline  acetates  it  had  contained  were  decom- 
posed by  the  addition  of  muriatic  acid ;  the  mixture  was  evapo- 
rated to  dryness  and  heated  red-hot  in  a  platina  crucible.  The 
residue  dissolved  entirely  in  water,  with  the  exception  of  0*06 
gr.  of  phosphate  of  lime.  The  aqueous  solution  was  mixed 
with  carbonate  of  ammonia,  a  precipitate  fell,  which  when 
dried  and  ignited  was  equivalent  to  0*36  gr.  of  pure  lime.  It 
contained  however  a  trace  of  phosphate  of  lime. 

The  solution  from  which  the  above  precipitates  had  been 
separated  was  evaporated  to  dryness  and  the  residue  heated 


88  Mr.  T.  Taylor  on  some 

red-hot.  It  was  redissolved  in  water,  and  mixed  with  alcohol 
and  chloride  of  platina.  Chloride  of  platinum  and  potassium 
was  thrown  down,  which  when  washed  with  alcohol  and  care- 
fully dried  weighed  10*32  grs.,  =  1-99  PO. 

The  quantity  of  ammonia  was  estimated  by  boiling  the  pow- 
dered calculus  in  a  solution  of  potass,  transmitting  the  am- 
monia evolved  through  diluted  muriatic  acid,  and  precipita- 
ting it  in  the  ordinary  manner  by  chloride  of  platina.  11*40 
grs.  yielded  4*57  of  chloride  of  platina  and  ammonia,  =  3*10 
per  cent.  I  do  not,  however,  place  much  confidence  in  this 
mode  of  estimating  the  ammonia.  The  result  of  the  analysis 
of  this  calculus,  calculated  in  100  parts,  is  therefore  as  follows : 
it  is  compared  with  an  analysis  of  the  calculus  which  had  no 
history,  in  which  the  quantity  of  potass  is  rather  greater: — 

Uric  acid  mixed  with  a  trace  of  oxalate  of  lime  78*64  78*36 

Potass 10*42  13*19 

Ammonia 3*10  3*09 

Lime 1*89  1*49 

Magnesia 0*00  0*29 

Phosphate  of  lime 0*32  0*02 

Animal  matter 2*73  0*43 

Water 1*67  1*80 

Sulphate  of  soda  with  chloride  of  sodium    .     .  traces 

98*77  98*67 
By  another  analysis,  in  which  the  quantity  of  potass  was 
alone  estimated  by  calcining  the  calculus  until  nothing  but 
carbonate  of  potass  was  left,  and  precipitating  the  dissolved 
salt  by  chloride  of  platina,  10*72  per  cent,  of  potass  was  found 
in  the  first,  and  13*07  in  the  second  calculus. 

The  potass  in  these  concretions  is  probably  derived  from 
the  leaves  and  other  vegetable  matter  on  wruch  the  Iguana 
partly  subsists,  while  the  carnivorous  or  insectivorous  habits 
of  the  reptile  are  indicated  by  the  large  quantity  of  uric  acid 
they  contain. 

Urinary  Calculus  from  the  Sturgeon,  consisting  of  Diphosphate 
of  Lime.     Beluga  stones. 

These  calculi  are  found  by  the  fishermen  of  the  Caspian 
Sea  and  of  the  Volga  in  a  species  of  Sturgeon  (Acipenser 
Huso,  Linn.).  The  statements  of  different  authors  as  to  the 
situation  of  the  stone  in  the  fish,  are  very  conflicting,  some 
describing  it  as  occurring  in  the  air-bladder,  others  in  the 
head  and  stomach.  In  Schrober's  Memorabilia  Russico- Asi- 
atica,  as  quoted  by  Klaproth,  it  is  said  to  be  most  frequently 
found  in  a  small  pouch  communicating  with  the  pancreatic 
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duct;  his  description  is  however  confused  and  anatomically 
incorrect.  The  subjoined  extracts  from  the  works  of  Pallas* 
leave  no  doubt  as  to  these  concretions  being  taken  from  the 

*  "  Les  pecheurs  rencontrent  assez  souvent  dans  les  gros  bielougas,  la 
pierre  dont  j'ai  parle,  qui  est  encore  un  probleme.  lis  la  vendent  a  un 
prix  assez  modique,  de  doux  a  trois  roubles.  Tous  les  pecheurs  a.  qui  j'en 
ai  parle,  m'ont  assure  qu'on  la  trouve  dans  Ie  gros  boyau,  qui  leur  sert  a 
se  vider  et  a  jetcr  leurs  ceufs.  On  rencontre  quelquefois  des  pierres  dans  les 
gros  csturgeons  ordinaires ;  elles  sont  semblables  a  celles  des  bielougas. 
On  en  trouve  aussi  dans  les  gros  barbeaux,  mais  elles  sont  d'une  espece 
differente.  Les  pierres  de  bielouga  sont  ovales,  unies,  et  quelques-unes 
grumehSs  assez  grossierement ;  d'autres  sont  triangulaires  et  toutes  plates. 
Cette  variete,  dans  la  forme  et  la  place  qu'elles  occupent,  prouve  que  c'est 
une  vraie  pierre,  et  non  une  arete.  Elles  ont  toutes  la  couleur  et  la  tex- 
ture de  Parete.  Lorsqu'on  les  brise,  on  trouve  dans  leur  substance  des 
rayons  luisans  spathiques  qui  tendent  de  la  circonference  au  centre ;  outre 
la  texture  ecailleuse  qu'on  distingue  a  la  premiere  superficie,  il  se  detache 
de  Pinterieur  de  quelques-unes  de  ces  pierres  un  noyau ;  il  a  la  meme  sub- 
stance que  la  pierre,  mais  une  autre  forme;  il  ne  se  trouve  pas  toujours  au 
centre.  J'en  ai  vu  plusieurs  qui  pesoient  jusqu'a  trois  onces;  je  les  croyois 
plus  pesantes  d'apres  leur  grosseur.  On  peut  en  raper  avec  la  lame  d'un 
couteau,  mais  avec  peine.  J'ai  essaye  d'en  mettre  dans  des  acides  et  je  n'y 
ai  appercu  aucune  marque  d' effervescence.  En  Russie,  on  se  sert  de  cette 
pierre  comme  remede  domestique,  dans  les  accouchemens  laborieux,  pour 
les  maladies  de  Puretre  et  celles  des  enfans;  il  est  tres  en  vogue,  et  Pon  a 
grand  tort.  On  en  fait  prendre  dans  de  Peau  a  tres-petite  dose.  On  at- 
tribue  les  inemes  vertus,  et  nombre  d'autres,  a  la  pierre  qu'on  rencontre 
quelquefois  dans  la  vessie  urinaire  des  sangliers,  qu'on  appelle  Kabannoi 
Kamen,  pierre  de  sanglier;  elle  est  beaucoup  plus  chere  que  celle  du  bie- 
louga."—  Voyages  de  Pallas,  torn.  i.  p.  683. 

"On  fend  le  cartilage  du  dos  pour  en  retirer  les  nerfs;  on  les  lave  et 
etend  sur  des  perches  pour  les  faire  secher. 

"  C'est  en  partageant  ce  cartilage  dans  toute  sa  longueur  que  Pon  trouve 
quelquefois  dans  les  plus  gros  ichthyocolles  cette  pierre  si  vantee.  On  ne 
Pappercoit  que  lorsque  le  couteau  s'arrete  au  moment  ou  il  la  touche. 
Cette  pierre  est  renfermee  dans  la  chair  rouge  glanduleuse,  qui  est  adhe- 
rente  a  la  partie  posterieure  de  Pepine  du  dos,  et  elle  tient  lieu  derognons. 
Elle  est  dans  une  petite  peau  particuliere,  qui  remplit  Pinterieur  de  cette 
espece  de  glande.  Je  rapporte  ici  ce  que  M.  Sokolof  a  pu  apprendre  de 
plus  certain  sur  sa  vraie  position,  des  pecheurs  les  plus  instruits,  qui  assu- 
roient  en  avoir  trouve  quelques-unes.  A'  l'exterieur,  elle  est  un  peu  molle 
et  humide  lorsqu'elle  est  fraichement  tiree,  mais  elle  durcit  aussitot  qu'elle 
est  a  Pair.  C'est  dans  les  peches  qui  se  font  pres  d'Astrakan  qu'on  la  ren- 
contre le  plus  souvent.  Ehe  n'est  jamais  plus  grosse  qu'un  ceuf  de  poule. 
Elle  est  ovale  et  assez  plate  un  peu  concave;  ou  elle  a  Pangle  qui  adhere 
au  cartilage  un  peu  courbe." — Voyages  de  Pallas,  1789,  vol.  ii.  p.  486. 

"  In  visceribus  uropoeis  Huscnum  maximorum  et  aetate  provectiorum 
saspius  reperitur  Calculus  ovalis,  depressus,  hinc  concavus,  solidus,  albus, 
intus  Zeolithi  fere  instar  a  centro  radiatus,  nitidusque,  cujus  chemica  ana- 
lysis adhuc  deest.  Hunc  plebs  Rossica,  et  honoratiores  etiam,  pro  magno 
medicamento  uragogo  et  partum  promovente  aestimant  atque  infantibus 
propinant,  unde  a  piscatoribus  pretio  non  exiguo  redimuntur,  Calculi  Hu' 
torn*  (Bjelushie  Kamen)  nomine." — Zoograpkia  Rosso-Jsiatica,  vol.  iii. 
p.  87. 
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dilated  ureter  or  from  the  common  cloacal  termination  of  the 
gut  of  the  fish. 

These  concretions  have  generally  a  flattened  oval  figure, 
their  centre  being  often  depressed  or  slightly  concave.  They 
vary  considerably  in  size,  but  are  usually  about  that  of  a  hen's 
egg.  Their  surface  is  unequal  but  quite  smooth,  and  of  a 
yellowish-white  colour.  When  broken  they  present  a  highly 
crystalline  structure,  consisting  of  fine  plates  or  needles  ra- 
diating from  the  centre  to  the  circumference,  but  which  are 
made  up  of  very  thin  concentric  layers  adhering  firmly  toge- 
ther. Fragments  of  these  calculi  are  translucent,  and  their 
interior  is  of  a  pure  white  colour.  They  are  exceedingly 
scarce,  and  are  highly  esteemed  for  their  supposed  medicinal 
virtues.  Dr.  Cook  informs  us  that  the  powder  is  highly  com- 
mended as  a  diuretic  and  lithontriptic,  and  that  the  common 
people  in  the  neighbourhood  of  the  Volga  take  from  ten  to 
sixty  grains,  scraped  fine  in  a  little  water,  three  or  four  times 
a  day  when  the  case  is  dangerous. 

The  composition  of  these  calculi  was  first  determined  by 
Klaproth,  but  the  earliest  description  of  them  is  to  be  found 
in  the  Philosophical  Transactions  for  1748. 

The  specimen  analysed  by  Klaproth  had  been  received 
from  Prof.  Pallas.  It  weighed  above  seven  ounces  troy,  and 
consisted  of  albumen  I,  water  24,  phosphate  of  lime  71*50, 
sulphate  of  lime  0*50. 

17*13  grs.  of  one  of  the  specimens  in  this  collection,  previ- 
ously calcined,  gave  by  solution  in  dilute  muriatic  acid  and 
precipitation  by  oxalate  of  ammonia,  13*87  grs.  of  carbonate 
of  lime,  which  is  =  17*54  of  the  diphosphate  of  lime;  100  grs. 
of  the  same  calculus  gave — 

By  calculation. 

Water 26*33  25*60  =  5  atoms. 

Organic  matter     .     .       0*40  1*13 

Diphosphate  of  lime  .     73*27  73*27  =  1  atom. 

100*00  100*00 

The  Beluga  stones  therefore  consist  of  an  atom  of  diphos- 
phate of  lime  combined  with  5  atoms  of  water.  The  water  is 
necessarily  over-estimated  in  the  analysis,  on  account  of  the 
organic  matter  being  partially  soluble  in  the  diluted  acid. 

By  another  and  more  rigid  analysis,  I  found  the  calculus 
to  consist  of  32-21  CaO,  40*33  P05,  and  26*33  HO,  which 
would  give  72*54  per  cent,  of  diphosphate  of  lime.  This  cal- 
culus has  also  been  analysed  by  Prof.  Wohler,  who  ascer- 
tained that  four  of  the  five  atoms  of  water  are  driven  off  at 
392°  Fahr.,  while  the  last  atom  is  expelled  by  a  red  heat. 
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The  phosphoric  acid  is  therefore  in  the  tribasic  state,  and  the 
formula  of  the  salt  will  be  P06  2(CaO),  HO,  +  4aq.  I  think 
it  right  to  state  that  the  analysis  of  this  concretion  had  been 
printed  some  months  previous  to  the  publication  of  Prof. 
Wohler's  paper,  and  its  analysis  was  made  in  1843. 

Intestinal  Concretions. 

The  composition  of  the  different  kinds  of  intestinal  concre- 
tions has  been  very  little  studied  by  chemists ;  a  circumstance 
the  more  remarkable,  as  they  present  many  points  of  interest 
both  to  the  chemist  and  physiologist.  The  only  description 
of  these  bodies  to  be  found  in  the  systematic  works  on  che- 
mistry, is  almost  wholly  derived  from  the  paper  of  Messrs. 
Fourcroy  and  Vauquelin,  published  in  the  4.-th  volume  of  the 
Annates  du  Museum  National. 

By  these  chemists  intestinal  concretions  were  divided  into 
the  following  species: — 1,  Calculi  consisting  of  superphos- 
phate of  lime;  2,  of  phosphate  of  magnesia;  3,  of  phosphate 
of  magnesia  and  ammonia ;  4,  of  a  biliary  matter  analogous 
to  the  colouring  matter  of  the  bile ;  5,  resinous  concretions ; 
6,  fungous  concretions;  and  lastly,  hair-balls.  Their  descrip- 
tion of  these  bodies  is  however  exceedingly  slight  and  imper- 
fect, and  much  inferior  in  accuracy  to  their  previous  re- 
searches on  urinary  calculi.  In  no  instance  did  they  deter- 
mine the  relative  proportion  of  the  constituents  of  the  earthy 
concretions,  and  under  the  head  of  resinous  concretions  two 
essentially  distinct  species  were  included. 

In  the  Catalogue  I  have  endeavoured  to  supply  these  de- 
ficiencies by  submitting  most  of  these  calculi  to  quantitative 
analysis,  and  by  the  addition  of  some  new  species.  The  fol- 
lowing list  includes  all  the  intestinal  concretions  with  which  I 
am  at  present  acquainted: — 1,  Calculi  consisting  of  animal 
hairs ;  2,  of  vegetable  hairs ;  3,  of  ellagic  acid — the  oriental 
bezoar;  4,  of  resino-bezoardic  acid — the  occidental  bezoar;  5, 
of  phosphate  of  magnesia  and  ammonia;  6,  of  diphosphate  of 
magnesia ;  7,  of  diphosphate  of  lime ;  8,  of  oxalate  of  lime ; 
9,  of  ambergris. 

The  Ellagic  Acid  Calcidus. — The  Oriental  Bezoar. 

The  composition  of  this  species  of  calculus  was  described 
in  a  report  to  the  Museum  Committee  in  1841,  and  in  May 
1843  I  was  permitted  to  insert  a  short  notice  as  to  its  compo- 
sition in  the  London  and  Edinburgh  Philosophical  Magazine. 
Since  that  period  the  ellagic  acid  calculus  has  been  examined 
by  MM.  Merklein  and  Wohler,  who  have  confirmed  my  state- 
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merits  as  to  its  nature*.  The  result  of  a  careful  comparison 
of  the  chemical  characters  of  these  concretions  with  those  of 
ellagic  acid  prepared  from  the  gall-nutf  so  fully  established 
their  identity,  that  I  did  not  think  it  necessary  to  corroborate 
my  statement  by  an  ultimate  analysis,  especially  as  from  the 
limited  quantities  of  the  calculus  on  which  I  could  operate,  and 
the  facility  with  which  ellagic  acid  becomes  oxidized  when 
dissolved  in  an  alkali,  I  did  not  feel  certain  that  I  could  en- 
sure that  perfect  purity  without  which  an  organic  analysis  is 
wholly  valueless.  Its  ultimate  analysis  has  however  been  made 
by  MM.  Merklein  and  Wohler,  who  have  found  it  to  agree 
with  the  analysis  of  ellagic  acid  by  M.  Pelouze,  minus  one 
atom  of  hydrogen. 

The  following  description  of  the  ellagic  acid  calculus,  its 
properties  and  history,  1  shall  quote  verbatim  from  the  Col- 
lege Catalogue  published  in  July  1845,  as  it  conveys  in  a  con- 
densed form  the  results  of  a  long  and  troublesome  series  of 
experiments. 

"  Ellagic  acid  calculi  are  generally  of  an  ovoid  figure ;  their 
outer  surface  is  smooth,  polished,  and  of  a  deep  olive  or 
greenish  brown  colour;  internally  they  are  brown;  they  are 
made  up  of  thin  concentric  layers,  which  in  some  cases  adhere 
so  slightly  together,  as  to  cause  the  calculus  to  fall  to  pieces 
on  attempting  to  divide  it  with  a  saw.  When  any  of  the 
outer  layers  of  these  calculi  are  removed,  the  exposed  surface 
readily  acquires  a  high  polish  by  slight  friction,  and  when  cut 
or  scraped  they  assume  a  waxy  lustre.  These  calculi  in- 
variably contain  some  foreign  body  as  their  nucleus,  which  is 
generally  a  small  twig  or  seed. 

*  Ann.  der  Chemie  und  Pharm-,  August  1845.  If  by  the  following  pas- 
sage, "  Aus  dieser  Zusammensetzung  und  den  oben  angegebenen  Eigen- 
schaften  der  Bezoarsaure  folgt  ferner  der  merkwurdige  Umstand.dass  diese 
Substanz,  wie  bereits  von  Th.  Taylor  verniuthet  wurde,  in  der  That  nichts 
Anderes  ist  als  Ellagsaure  oder  die  Siiure,  die  zuerst  von  Chevreul  aus  den 
Gallapfeln  dargestellt  und  von  Braconnot  naher  untersucht  worden  ist. 
Um  nicht  den  geringsten  Zweifel  hieriiber  zu  lassen,  haben  wir  selust  El- 
lagsaure aus  Gallapfeln  dargestellt  und  ihre  Eigenschaften  init  denen  der 
Bezoarsaure  verglichen;  sie  zeigten  sich  vollkommen  identisch,''  MM. 
Merklein  and  Wohler  intend  to  imply  that  some  doubt  existed  in  my  mind 
as  to  the  composition  of  this  concretion,  I  beg  to  state  that  such  was  not 
the  case;  and  it  is  difficult  to  conceive  on  what  grounds  they  could  form 
such  an  opinion,  as  in  the  notice  alluded  to  I  simply  stated  the  fact  in  the 
most  concise  and  positive  terms  that  could  be  made  use  of. 

f  For  the  opportunity  of  doing  this  on  rather  a  large  scale,  I  am  in- 
debted to  my  friend  Mr.  T.  Morson,  who  kindly  placed  at  my  disposal  a 
large  quantity  of  the  residue  left  in  the  preparation  of  gallic  acid,  and  it 
gives  me  much  pleasure  to  have  an  opportunity  of  acknowledging  this  and 
similar  favours. 
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"  The  chemical  characters  of  the  constituent  of  these  calculi 
agree  so  exactly  with  those  of  ellagic  acid  procured  from  the 
infusion  of  gall-nuts,  as  to  leave  no  doubt  of  their  being  com- 
posed principally  of  that  substance.  When  heated  they  do 
not  fuse,  but  emit  a  slight  balsamic  odour  and  partially  sub- 
lime ;  if  more  highly  heated  they  catch  fire,  burn  with  a  low 
flame,  give  off  the  smell  of  burning  wood,  and  leave  behind  a 
carbonaceous  ash.  If  the  powder  of  the  calculus  be  heated 
in  a  glass  tube  a  yellow  sublimate  is  produced,  which  con- 
denses in  the  form  of  long  spear-shaped  crystals  of  a  yellow 
colour,  with  a  shade  of  green.  These  crystals  do  not  differ 
in  their  chemical  habitudes  from  the  powder  of  the  calculus, 
and  they  are  identical  in  shape  and  appearance  with  those 
procured  from  the  ellagic  acid  of  the  gall-nut  when  similarly 
treated.  When  the  calculus  is  reduced  to  powder  and  dif- 
fused through  water,  several  days  elapse  before  the  whole  of 
the  powder  is  deposited,  and  the  water  remains  opalescent 
even  for  weeks.  It  is  also  difficult  to  separate  the  powder  by 
filtration,  as  the  liquid  passes  turbid  for  some  time. 

"  Ellagic  acid  calculi  easily  dissolve,  with  the  exception  of  a 
few  flocks,  in  a  cold  solution  of  caustic  potass  or  soda.  The 
solution  is  of  a  deep  brownish  red  colour,  with  a  shade  of 
green ;  when  the  ellagic  acid  is,  however,  freed  from  some  ex- 
tractive or  colouring  matter  with  which  it  is  generally  mixed 
in  the  calculus,  the  solution  is  of  so  deep  a  yellow  as  to  ap- 
pear red  when  viewed  in  bulk.  Muriatic  acid  throws  down 
from  the  potass  solution  a  greenish,  buff-coloured  powder, 
while  the  supernatant  liquor  is  of  a  light  red  colour.  If  the 
precipitate  be  examined  by  the  microscope,  it  is  seen  to  con- 
sist of  small  thread-like  particles,  generally  blunt,  but  some- 
times tapering  at  their  extremities,  and  which  are  occasionally 
twisted  or  curved,  especially  if  the  solution  from  which  they 
were  thrown  down  was  hot:  they  are  not  transparent,  and  can 
scarcely  be  termed  crystals. 

"  When  the  potass  solution  is  exposed  to  the  air,  oxygen  and 
carbonic  acid  are  absorbed,  the  solution  becomes  much  darker 
coloured,  and  a  silky  greenish  yellow  precipitate  is  deposited, 
consisting  of  ellagate  of  potass.  This  precipitate  appears  under 
the  microscope  as  thin  rectangular  plates,  frequently  arranged 
in  stellate  groups.  If  a  current  of  carbonic  acid  is  passed 
through  the  solution,  a  buff-coloured  precipitate  of  ellagate  of 
potass  is  thrown  down,  while  the  supernatant  liquid  remains 
of  a  dark  reddish  colour. 

"  Ellagic  acid  calculi  are  very  sparingly  soluble  in  solution  of 
ammonia;   the  liquid  acquires  a  yellow  colour,  which  on  ex- 


44  Mr.  T.  Taylor  on  some 

posure  to  the  air  becomes  brown  and  turbid.  The  small  quan- 
tity of  ellagic  acid  dissolved  is  precipitated  by  an  acid. 

"  Concentrated  sulphuric  acid  readily  dissolves  these  calculi 
when  assisted  by  a  gentle  heat.  The  solution  is  of  a  greenish 
brown  colour,  and  is  precipitated  by  dilution  with  water.  The 
precipitate  has  the  form  of  minute  prisms  arranged  in  stellate 
groups ;  the  extremities  of  some  of  the  prisms  are  blunt,  others 
are  pointed. 

"  When  mixed  with  nitric  acid,  the  ellagic  acid  calculus  dis- 
solves. If  the  acid  be  strong  or  slightly  warmed,  effervescence 
takes  place,  nitrous  fumes  are  given  off,  and  a  solution  is  pro- 
duced of  a  beautiful  pink-red  colour,  similar  to  that  produced 
by  the  action  of  nitric  acid  upon  uric  acid.  The  red  colour 
quickly  disappears  upon  standing;  on  being  heated,  a  deep 
yellow  solution  remains,  from  which  crystals  of  oxalic  acid 
may  be  obtained  by  evaporation.  Ammonia  added  to  the  so- 
lution causes  it  to  assume  a  red  colour,  but  does  not  render  it 
turbid. 

"  The  ellagic  acid  is  best  obtained  from  these  calculi  by  dis- 
solving the  powdered  calculus  in  a  weak  solution  of  caustic 
potass,  and  transmitting  through  it  a  current  of  carbonic  acid. 
The  precipitate  which  falls  is  to  be  digested  in  diluted  muri- 
atic acid,  by  which  the  potass  is  removed,  and  tolerably  pure 
ellagic  acid  remains.  During  the  whole  of  the  operation 
great  care  must  be  taken  to  prevent  the  contact  of  atmospheric 
air;  for  when  dissolved  in  alkaline  liquids,  ellagic  is  quickly 
converted  into  a  species  of  ulmic  acid.  It  is  not  improbable 
that  catechuic  acid  is  sometimes  present  in  these  calculi. 

"  This  species  of  intestinal  concretion  appears  to  have  been 
first  examined  by  Fourcroy  and  Vauquelin,  and  is  included  in 
their  class  of  resinous  Bezoars*.  It  was  shortly  afterwards 
examined  by  Berthollet,  and  subsequently  by  other  chemists, 
all  of  whom  failed  in  deciding  upon  its  true  nature ;  even  so 
recently  as  1843  this  calculus  was  described  by  M.  Lippowitz 
as  consisting  of  a  peculiar  organic  acid,  for  which  he  proposed 
the  name  of  Bezoaric  acidf. 

"  The  concretions  analysed  by  Berthollet,  and  of  the  proper- 
ties of  which  he  has  given  a  very  accurate  account,  had  been 

*  "  La  seconde  variete  d'une  couleur  brune  ou  violacee,  sans  saveur  amere, 
presque  insoluble  dans  l'alcohol,  cntierement  soluble  dans  les  alcalis,  don- 
nant  dans  cette  derniere  dissolution  line  liqueur  qui  devient  rouge  purpu- 
rine,  lorsqu'elle  s'epaissit  et  se  seche  a  l'air.-  foumissant  a  la  distillation  un 
sublime  concret,  jaune,  d'une  saveur  et  d'une  couleur  de  suie,  insoluble  dans 
l'eau  et  dans  l'alcohol." — Annates  du  Museum  National,  torn.  iv.  334. 

f  Simon's  Beitr'dge  zur  Phys.  und  Pathol.  Chemie  und  Mikroskopie,  B.  i. 
463. 
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presented  to  the  Emperor  Napoleon  by  the  Shah  of  Persia. 
They  were  of  a  greenish  brown  colour  externally,  and  brown 
within ;  they  had  an  oval  figure,  and  their  surface  was  highly 
polished  ;  they  were  formed  of  irregular  concentric  layers,  and 
in  the  centre  of  all  of  them  was  some  vegetable  matter;  their 
sp.  gr.  =  l*4-63.  They  were  regarded  by  Berthollet  as  con- 
sisting of  the  woody  fibre  [lignin)  of  the  food  of  the  animal, 
and  he  conjectures  that  they  must  have  been  taken  from  the 
stomach,  on  account  of  the  little  alteration  which  the  vege- 
table matters  that  formed  their  nucleus*  had  undergone. 

"The  constituent  of  the  ellagic  acid  calculus  is  likewise  de- 
scribed by  John  under  the  name  of  Bezoar  stqff-\\  and  Leo- 
pold Gmelin  thinks  it  probable  that  the  calculi  examined  by 
John  were  identical  in  composition  with  those  analysed  by 
Berthollet  |,  and  that  they  consisted  of  a  species  of  ulmin 
arising  from  the  decomposition  of  woody  fibre  or  lignin. 

"  From  the  descriptions  which  Tavernier,  Ksempfer,  and 
other  Oriental  travellers  have  given  of  the  Oriental  Bezoar, 
corroborated  by  the  analyses  of  Fourcroy  and  Berthollet, 
there  is  no  doubt  that  it  is  identical  with  the  ellagic  acid  con- 
cretion above  described.  The  signs  by  which  a  true  Oriental 
Bezoar  might  be  distinguished  were,  according  to  Tavernier, 
by  steeping  it  in  hot  water,  and  observing  whether  the  liquid 
became  coloured,  or  the  stone  lost  in  weight.  If  either  of 
these  occurred,  the  stone  was  to  be  regarded  as  fictitious :  but 
the  best  test  was  to  apply  a  red-hot  iron  wire  to  the  calculus, 
when,  if  it  melted  and  permitted  the  iron  to  enter,  it  was  cer- 
tainly fictitious.  Another  test  consisted  in  smearing  a  piece 
of  paper  with  chalk,  and  rubbing  the  calculus  over  it.  The 
genuine  stone  always  left  a  greenish  mark.  All  these  criteria 
would  be  fulfilled  by  the  ellagic  acid  calculus,  but  by  none 
of  the  other  species  §. 

"  This  species  of  concretion  was  the  most  valued  of  the  Be- 
zoars,  and  is  denominated  by  Kaempfer  the  'verus  et  pre- 
tiosus  Pasahr,'  from  which  word,  by  a  corruption  of  sound, 
he  believes  the  word  Bezoar  to  have  been  derived. 

"  With  regard  to  the  origin  of  this  concretion,  we  have  the 
fullest  and  most  satisfactory  evidence.  W.  Methold,  Fryer, 
Tavernier  and  Ksempfer  all  agree  that  it  is  taken  most  fre- 
quently from  the  alimentary  canal  of  a  species  of  wild  goat 
termed  Pasen  by  the  Persians,  which  inhabits  the  mountainous 
ridges  in  Persia,  particularly  in  the  province  of  Chorasaan  or 

*  Mcmoi?-es  de  la  Societi  d'Jrcueil,  torn.  ii.  p.  448. 

t  Chem.  Schr.  in.  38.  J  Handbuch  der  Chemie,  B.  ii.  S.  828,  1488. 

§  In  the  Sloanian  MS.  Catalogue  all  the  ellagic  acid  calculi  were  termed 
East  Indian  or  Oriental  Bezoars. 


46  On  some  New  Species  of  Animal  Concretions. 

Chorasmia.  Tavernier  states  that  they  likewise  come  from  a 
province  of  the  kingdom  of  Golconda.  The  account  as  to  the 
exact  situation  of  the  stone  is  however  not  so  clear.  Most 
writers  indicate  the  maw  or  stomach  :  Kaempfer  says  it  is 
found  in  the  pylorus,  'sive  productior  quarti,  quern  vocant 
ventriculi  fundus*,'  and  that  the  natives  are  in  the  habit  of 
ascertaining  how  many  stones  are  contained  in  the  stomach 
by  feeling  through  the  parietes  of  the  abdomen,  the  value  of 
the  animal  being  considerably  enhanced  by  their  presence. 
When  recently  taken  from  the  animal,  they  are  said  to  be 
somewhat  soft,  or  of  the  consistence  of  a  hard-boiled  egg,  and 
that  in  order  to  preserve  them  it  was  customary  to  place  them 
in  the  mouth,  and  retain  them  there  until  they  acquired  greater 
hardness. 

"The  Oriental  Bezoar  was  not  however  confined  to  the  wild 
goats,  or  to  the  ruminant  tribes,  as  the  Pedra  Bugia  or  Ape 
stone  also  consists  of  ellagic  acid.  These  concretions  were 
held  in  higher  esteem  than  those  from  the  Goat,  and  were  ge- 
nerally included,  for  the  sake  of  preserving  them,  in  a  small 
cavity  scooped  out  of  two  portions  of  a  very  light  wood,  which 
were  held  together  by  hoops  wove  from  the  twigs  of  the  Ro- 
tang  cane.  There  is  in  the  Museum  a  specimen  preserved  in 
this  manner.  Kaempfer  informs  us  that  they  were  found  in  a 
species  of  ape  termed  Antar  by  the  Mongols,  which  he  be- 
lieves to  be  the  Babianum  cynocephalam.  The  composition 
of  these  concretions  renders  their  origin  no  longer  a  matter  of 
uncertainty,  and  confirms,  in  a  very  remarkable  manner,  the 
statements  of  Tavernier  and  Kaempfer,  that  they  are  derived 
from  the  juices  of  the  plants  on  which  the  animals  fed," 

MM.  Merklein  and  Wohler  have  proposed  that  the  word 
ellagic  should  be  changed  for  that  of  bezoaric  acid,  partly  be- 
cause the  German  word  "Gall,"  when  reversed,  is  not  capable 
of  being  converted  into  ellagic,  and  partly  from  its  want  of  eu- 
phony. If  we  were  however,  for  the  sake  of  euphony,  to  reject 
all  the  inharmonious  appellations  which  the  industry  of  mo- 
dern chemists  has  introduced  into  the  science,  we  might  alter 
half  the  names  at  present  in  use;  besides,  as  the  ellagic  acid 
was  first  procured  from  the  gall-nut  by  Chevreul  and  subse- 
quently named  by  Braconnot,  I  think  it  a  matter  of  courtesy 
to  adhere  to  its  French  derivation.  The  term  bezoaric  is 
also  peculiarly  improper,  inasmuch  as  it  would  imply  that  the 
entire  class  of  bezoars  consisted  of  this  peculiar  acid. 
I  remain,  dear  Sir, 

Yours  most  truly, 
New  Bridge  Street,  Nov.  20,  1845.  Thomas  Taylor. 

*  Op.  cit.  p.  400. 
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X.  Inquiries  in  the  Elements  of  Phonetics* . 
By  C.  B.  Cayley,  Fellow  of  Trinity  College,  Cambridge. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 
SCHEME  of  Consonants. — Liquid  Aspirates. — I  start  with 
*^  that  scheme  which  has  the  authority  of  Messrs.  Latham 
and  Whewell  (waiving  some  undecided  points),  to  which  I 
would  make  a  few  additions.  I  denote,  for  convenience,  the 
aspirates  (so  called  perhaps  fitly,  as  the  breathing  is  more 
heard  in  them)  universally  by  adding  to  the  corresponding 
non-aspirates  a  small  //,  which  thus  becomes  a  symbol  from  a 
letter,  and  I  make  J,  suitably  to  its  form  and  origin,  stand  for 
German  J,  English  Y. 

Sharp.  Flat.  Liquid. 

P  Ph  B  Bh  M  .  .  W 

T  Th  DDh  N 

K  Kh  GGh  L  .  .  J 

S  Sh  Z  Zh  R  .  .    (place  uncertain) 

I  observe  that  the  flat  consonants  appear  formed  from  the 
sharp  by  an  effort  (to  make  their  sound  stronger  and  more 
continuous),  which  also,  being  repeated,  converts  the  flat  into 
the  liquid.  This  effort  has  not  prevented,  in  the  flat  order,  the 
introduction  of  the  second  force  of  aspiration  as  in  the  sharp: 
hence  there  is  some  reason  to  conjecture  that  the  liquids  might 
be  susceptible  of  this  force.  In  short,  the  symmetry  of  the 
system  requires  an  order  of  liquid  aspirates,  which  might  be 
written  Mh,  Nh,  Lh,  Rh.  May  we  not  identify  Mh  with 
French  m  or  n  nasal,  Nh  with  English  Ng,  Lh  with  Welsh 
LI,  Rh  with  Arabic  Ghain  ? 

Concerning  the  latter  two,  my  chief  difficulty  is  to  know 
whether  they  are  simple  or  compound  sounds ;  but 

The  Welsh  LI  is  stated  in  Davis's  Grammar  to  be  the  aspi- 
rate of  L,  pronounced  by  pressing  the  tongue  against  the 
teeth  on  both  sides  with  a  forcible  emission  of  breath. 

The  Arabic  Ghain  is  described  by  De  Sacy  as  a  sound  resem- 
bling R  and  G,  "  comme  PR  graissaye  des  Provencaux."  We 
often  hear  imperfect  pronunciations  of  R  which  might  give 
the  idea  of  this  secondary  liquid. 

But  I  shall  chiefly  insist  on  Mh  or  m  nasal,  because  it  coin- 
cides with  J^and  V,  the  aspirates  as  M  with  B,  iVwith  D,  &c. 
Compare  the  pronunciation  of  combaitre,  entendre,  enfant, 
eftvahir;  likewise  it  has  the  same  resemblance  to  the  dental  N, 
which  Ph,  Bh  being  formed  by  the  teeth  in  part  have  to  Th 
(whence  the  confusion  made  by  children  in  those  sounds,  and 
*  From  letters  addressed  to  Mr.  Latham. 
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the  Russian  corruptions  Feodor,  Marpha,  &c.  for  Theodore, 
Martha),  so  that  all  the  labial  aspirates  would  approximate  to 
dentals,  and  on  this  principle  might  it  be  that  the  liquid 
aspirate  Nh  approaches  the  next  order  of  gutturals. 

Should  this  paper  be  admitted,  I  shall  hereafter  consider 
some  objections  that  have  been  communicated  to  me,  and  pro- 
ceed to  an  attempted  analysis  of  vowel  sounds. 

C.  B.  Cayley. 

XI.  On  FresnePs  Theory  of  Double  Refraction. 
By  Archibald  Smith. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 

TN  an  article  on  FresnePs  Theory  of  Double  Refraction,  in 
the  Supplement  to  the  December  Number  of  the  Philo- 
sophical Magazine,  Mr.  Moon  has  quoted  part  of  an  article 
of  mine  in  the  first  volume  of  the  Cambridge  Mathematical 
Journal,  in  which  the  following  passage  occurs : — "  Let  the 
particle  receive  a  small  displacement,  the  projections  of  which 
on  the  co-ordinate  axes  are  S.r,  %/,  Iz.  Then  supposing  the  dis- 
placement to  be  very  small,  the  force  of  restitution  may  be 
taken  as  'proportional  to  it,  so  that  we  have,"  &c.  I  am  not 
surprised  that  Mr.  Moon  should  remark  on  this  passage, 
"  what  is  meant  by  the  mysterious  principle  '  supposing  the 
displacement  to  be  very  small,  the  force  of  restitution  may  be 
taken  as  proportional  to  it,'  I  profess  myself  unable  to  under- 
stand." 

The  clause  in  italics,  which  was  added  to  my  manuscript 
when  it  was  sent  to  the  press,  to  remove,  I  believe,  what  was 
thought  an  abruptness  in  the  reasoning,  is  certainly  incorrect 
when  applied  to  a  doubly  refracting  medium.  What  was  in- 
tended to  be  expressed,  no  doubt,  was,  that  in  the  case  sup- 
posed terms  involving  powers  of  &r,  ty,  8z  higher  than  the  first 
might  be  neglected.  But  this  expression  is  only  equivalent  to 
the  other  in  the  case  of  a  singly  refracting  medium.  I  may 
mention  that  in  the  middle  of  page  7  of  the  article  in  the 
Cambridge  Mathematical  Journal,  the  word  "  rays "  was, 
by  a  mistake,  substituted  for  i(  waves."  These  mistakes  are 
corrected  in  the  second  edition  of  the  first  volume  of  the 
Cambridge  Mathematical  Journal  which  is  now  printing.  As 
they  have  been  noticed  in  your  Journal,  I  shall  feel  much 
obliged  by  your  inserting  this  explanation  when  you  can  afford 
space  for  it. 

Your  obedient  Servant, 
25  Old  Square,  Lincoln's  Inn,  Dec.  20.  ARCHIBALD  Smith. 
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XII.  On  the  Origin  of  the  constituent  and  adventitious  Mine- 
rals of  Trap  and  the  allied  Rocks.     By  James  D.  Dana*. 

THE  minerals  of  trap  and  the  allied  rocks  may  be  arranged 
in  two  groups : — 

1.  Those  essential  to  the  constitution  of  the  rock,  or  inti- 
mately disseminated  through  its  texture. 

2.  Those  which  constitute  nodules  or  occupy  seams  or 
cavities  in  these  rocks. 

Of  the  first  group,  are  the  several  felspars,  with  augite, 
hornblende,  epidote,  chrysolite,  leucite,  specular,  magnetic 
and  titanic  iron;  and  occasionally  Hauyne,  sodalite,  sphene, 
mica,  quartz,  garnet  and  pyrites.  Of  the  second  group  are 
quartz,  either  crystallized  or  chalcedonic,  the  zeolites  or  hy- 
drous silicates,  Heulandite,  Laumonite,  stilbite,  epistilbite, 
natrolite,  scolecite,  mesole,  Thomsonite,  Phillipsite,  Brew- 
sterite,  harmotome,  analcime,  chabazite,  dysclasite,  pectolite, 
apophyllite,  prehnite,  datholite,  together  with  spathic  iron, 
calc-spar  and  chlorite.  Native  copper  and  native  silver  might 
be  added  to  both  groups,  yet  they  belong  more  properly  to 
the  latter.  To  the  same  also  might  be  added  sulphur,  and 
the  various  salts  that  are  known  to  proceed  from  decomposi- 
tions about  active  volcanoes,  including  the  crystallizations  of 
alum,  gypsum,  strontian,  8cc. ;  but  these  more  properly  form 
still  a  third  group,  and  being  well  understood,  will  not  come 
under  consideration  in  the  remarks  which  follow. 

We  observe  with  regard  to  the  minerals  of  the  first  group, 
that  they  are  all  anhydrous,  that  is,  contain  no  water.  In 
this  respect,  the  essential  constituents  of  trap  and  basalt  are 
like  those  of  granite  and  syenite.  But  in  the  second  group, 
consisting  of  the  minerals  occurring  in  cavities  or  seams,  all 
contain  water  except  pectolite,  quartz,  calc-spar  and  spathic 
iron ;  and  the  last  three  are  known  to  be  always  deposited  in 
an  anhydrous  state  from  aqueous  solutions. 

We  proceed  to  give  a  few  brief  hints  with  regard  to  the 
first  group,  intending  only  to  glance  at  this  branch  of  the  sub- 
ject, and  then  take  up  more  at  length  the  group  of  adventi- 
tious minerals. 

Essential  constituents  of  modem  Plutonic  rocks. — It  is  ob- 
vious that  modern  igneous  rocks,  although  in  some  cases  de- 
rived from  the  original  material  of  the  globe,  have  proceeded 
to  a  great  extent  from  a  simple  fusion  of  rocks  previously  ex- 
isting, and  especially  of  the  older  igneous  rocks.  In  accord- 
ance with  this  view,  we  may  with  reason  infer  that  the  tra- 

*  Read  before  the  Association  of  American  Geologists  and  Naturalists, 
May,  1 845,  and  communicated  by  the  Author. 
Phil.  Mag.  S.  3.  Vol.  28.  No.  1 84.  Jan.  1846.  E 
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chytes  and  porphyries,  which  consist  essentially  of  felspar, 
have  proceeded,  in  many  instances  at  least,  from  felspathic 
granites;  the  basalts  and  trap  from  syenites,  hornblende  or 
augitic  rocks. 

A  theory  proposed  by  Von  Buch  supposes  that  the  fel- 
spathic rocks,  as  they  are  of  less  specific  gravity,  are  from  the 
earliest  eruptions,  or  the  more  superficial  fusings,  while  the 
heavier  basalt  has  come  from  greater  depths.  Darwin  thus 
accounts  for  the  granites  of  the  surface  being  intersected  by 
basaltic  dykes ;  the  latter  having  originated  from  a  deeper 
source,  where  their  constituents  took  their  place  at  some 
former  period  from  their  superior  gravity.  It  virtually  places 
hornblende  rocks  below  felspathic  granites  in  the  interior 
structure  of  our  globe.  The  hypothesis  is  ingenious  and  de- 
mands consideration ;  but  it  may  not  be  time  to  give  it  our 
full  confidence. 

But  supposing  these  more  modern  rocks  to  have  been  de- 
rived from  the  more  ancient  granitic — what  has  become  of  the 
quartz  and  mica  which  occur  so  abundantly  in  the  latter, 
while  they  are  so  uncommon  in  the  former?  By  what  changes 
have  they  disappeared? 

In  the  fusion  produced  by  internal  fires,  the  elements  are 
free  to  move  and  enter  into  any  combinations  that  may  be 
favoured  by  their  affinities.  If  silica,  alumina,  magnesia,  lime, 
iron,  the  alkalies,  potash  and  soda,  were  fused  together — and 
these  are  the  actual  constituents  of  basalt — what  result  might 
we  expect?  From  known  facts,  we  should  conclude  that  the 
silica  would  combine  with  the  different  bases,  and  these  simple 
silicates  would  unite  into  more  complex  compounds.  The 
silicates  of  alumina  and  the  alkalies  or  lime,  form  thus  one  set 
of  compounds,  the  felspars ;  the  silicates  of  magnesia  and  the 
isomorphous  bases,  iron  and  lime,  another  set,  to  which  be- 
long augite,  hornblende  and  chrysolite;  and  if  much  iron  is 
present,  we  might  have  with  the  lime  and  alumina,  the  mine- 
ral epidote.  The  experiments  of  Berthier,  Mitscherlich  and 
Rose,  and  the  facts  observed  amongst  furnace  slags,  confirm 
what  is  here  stated. 

But  not  to  go  back  to  a  resolution  of  the  fused  minerals  into 
their  elements,  we  may  consider  for  a  moment  what  changes 
the  minerals  themselves  might  more  directly  undergo  in  the 
process  of  fusion. 

Much  of  the  mica  in  granite  differs  from  felspar  in  con- 
taining half  the  amount  of  silica  in  proportion  to  the  bases, 
the  bases  in  each  being  alumina  and  potash  or  soda.  The 
change  then  in  the  conversion  of  the  mica  into  felspar  would 
require  an  addition  of  silica,  which  might  be  derived  from  the 
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free  quartz  of  granite.  Other  varieties  of  mica  contain  mag- 
nesia, which  would  go  towards  the  formation  of  some  mineral 
of  the  magnesian  series.  It  is  possible  that  trachytes  and 
porphyry  have  thus  been  made  from  granite;  but  trap  rocks 
could  not  have  been  so  derived,  as  they  contain  from  10  to 
25  per  cent,  less  of  silica. 

Again,  hornblende  and  augite  are  so  nearly  related,  that 
they  have  been  considered  by  Rose  the  same  mineral,  the  dif- 
ferent circumstances  attending  the  cooling  giving  rise  to  the 
few  peculiarities  presented.  There  can  be  no  difficulty  there- 
fore in  deriving  augite  by  fusion  from  hornblende  rocks.  This 
moreover  has  been  actually  confirmed  by  experiment. 

Augite,  by  giving  up  half  of  its  silica,  and  receiving  addi- 
tional magnesia  in  place  of  its  lime,  is  reduced  to  chrysolite*. 
The  Gehlenite,  nepheline,  anorthite  and  meionite  of  Vesuvius, 
contain,  like  scapolite,  only  40  to  4-5  per  cent,  of  silica  and  a 
large  proportion  of  lime,  and  it  is  no  improbable  supposition, 
judging  from  the  small  amount  of  silica,  and  from  the  lime 
present,  that  scapolite  rock,  or  rather  limestones  containing 
scapolite,  may  have  contributed  in  part  towards  the  lavas  of 
that  region.  The  ejections  of  unaltered  granular  limestones, 
and  many  mineral  species  pertaining  to  such  beds,  strongly 
support  this  view;  and  it  is  no  less  sustained  by  the  fact,  that 
in  the  Vesuvian  basalts,  Labradorite,  which  includes  lime  in- 
stead of  the  alkalies,  replaces  common  felspar.  The  original 
felspar  seems  to  have  given  way  to  leucite  and  Labradorite  f. 

An  important  source  of  new  combinations  is  found  in  the 
sea-water  which  gains  access  to  the  fires  of  volcanoes.  The 
decomposition  which  takes  place  eliminates  muriatic  acid,  so 
often  detected  among  volcanic  vapours;  but  the  soda  and 
other  fixed  constituents  remain,  to  enter  into  combination 
with  some  of  the  ingredients  in  fusion.  Is  not  this  one  source 
of  the  soda  forming  the  soda  felspar,  or  albite,  and  of  the 
muriatic  acid  and  soda  in  sodalite?  Phosphates  have  been 
long  known  to  occur  occasionally  in  volcanic  rocks,  and  lately 
phosphoric  acid  has  been  proved  to  be  generally  common  in 
small  quantities.  Sea-water  is  also  a  very  probable  source  of 
this  ingredient,  as  has  been  shown  by  late  analyses  of  the  same 
by  Dr.  Jackson. 

*  The  formula  of  augite  is  R3  Si2 ;  that  of  chrysolite,  R3  Si. 

t  Using  R  for  the  bases  and  Si  for  silica,  the  formula  of  leucite  is  R  SiT; 
that  of  common  felspar,  RSi2;  that  of  Labradorite,  RSi.  From  this,  it 
appears  that  felspar  may  be  reduced  to  leucite  by  giving  up  one-third  of 
its  silica,  the  bases  being  the  same  in  the  two;  and  with  this  excess  and 
other  silica  combining  with  the  lime  at  hand,  Labradorite  might  be  formed. 

E2 
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These  few  hints  are  barely  sufficient  to  indicate  something 
of  the  interest  that  attaches  to  this  field  of  investigation,  which 
the  future  developments  of  science  will  probably  open  fully 
to  view.  We  do  not  attempt  to  explain  why  in  these  modern 
fusings,  mica  should  not  have  remained  mica,  and  the  quartz 
still  free  uncombined  quartz.  The  facts  prove  some  peculi- 
arity of  condition  attending  the  formation  of  the  granitic  rocks. 
Of  this  condition  we  know  nothing  certain,  and  can  only 
suggest  the  common  supposition  of  a  higher  heat  and  slower 
cooling,  attending  a  greater  pressure  and  different  electrical 
conditions,  and  the  same  circumstances  may  have  existed 
during  the  granites  of  different  ages. 

With  these  brief  suggestions  I  pass  to  the  second  division 
of  the  subject  before  us. 

2.  Minerals  occupying  cavities  and  seams  in  amygdaloidal  trap 
or  basalt. — These  minerals  have  been  attributed  to  a  variety 
of  sources,  and  even  at  the  present  time  there  are  various  opi- 
nions respecting  their  origin.  According  to  some  writers, 
they  result  from  the  process  of  segregation ;  that  is,  a  sepa- 
ration of  part  of  the  material  containing  rock  during  its  cool- 
ing by  the  segregating  powers  of  crystallization ;  and  in  illus- 
tration of  the  process  we  are  pointed  to  the  many  segregations 
of  felspar,  quartz  and  mica,  in  granite  and  other  rocks,  the 
siliceous  nodules  in  many  sandstones,  the  pearlstones  in  tra- 
chytes and  obsidian.  Others  have  thought  them  foreign 
pebbles,  enclosed  at  the  time  the  rock  was  formed.  Again, 
they  are  described  as  proceeding  from  the  vapours  which 
permeated  the  rock  while  still  liquid,  and  which  condensed  as 
the  rock  cooled,  in  cavities  produced  by  the  vapours.  By  a 
few  it  is  urged,  admitting  that  the  cavities  are  inflations  by 
vapours  like  those  of  common  lava,  that  they  may  have  been 
filled  either  at  the  time  the  rock  cooled  or  at  some  subsequent 
time,  either  by  crystallization  from  vapours,  or  from  infiltra- 
ting fluids,  but  more  generally  the  latter. 

Of  these  views  we  believe  the  last  to  accord  best  with  the 
facts.  Macculloch,  in  his  System  of  Geology — a  work  which 
anticipated  many  of  the  geological  principles  that  have  since 
become  popular — dwells  at  length  on  this  subject,  and  sup- 
ports the  opinion  here  adopted  with  various  facts  and  argu- 
ments. Lyell  also  admits  the  same  principles.  A  review  of 
the  facts  will  enable  us  to  judge  of  its  correctness. 

1.  In  the  first  place,  the  cavities  occupied  by  the  nodules 
are  in  every  respect  similar  to  the  common  inflations  or  air- 
bubbles  in  lava.  These  cavities  are  open  and  unoccupied  in 
common  lava,  and  may  be  no  less  frequently  so  in  the  ejec- 
tions under  water;  and  should  they  not  be  expected  to  fill  in 
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some  instances  by  infiltration  ?  They  are  the  very  places  where 
an  infiltrating  fluid  would  deposit  its  sediment,  or  collect  and 
crystallize,  if  capable  of  crystallization ;  and  such  infiltrating 
fluids  are  known  to  permeate  all  rocks,  even  the  most  solid, 
and  especially  if  beneath  a  body  of  water.  It  is  evident,  there- 
fore, that  we  are  supporting  no  strange  or  improbable  hypo- 
thesis. On  some  volcanic  shores  one  variety  of  the  process 
may  be  seen  in  action.  The  cavities  of  a  lava  may  be  de- 
tected in  the  process  of  being  filled  with  lime  from  the  sea- 
water  washing  over  dead  shells  or  coral  sand,  and  at  times  a 
perfect  amygdaloid  is  formed.  But  the  positions  and  cha- 
racters of  the  minerals  themselves  establish  clearly  the  view 
we  support. 

2.  The  mineral  in  these  cavities  sometimes  only  fills  their 
lower  half,  as  if  deposited  from  a  solution ;  and  again,  it  in- 
crusts  the  upper  half  or  roof,  as  if  solidified  on  infiltrating 
through.  In  the  large  geodes  of  chalcedony,  stalactites  de- 
pend from  above  like  those  of  lime  from  the  roof  of  caverns, 
and,  as  Macculloch  states,  the  stalactite  is  often  found  to  cor- 
respond to  an  inferior  stalagmite,the  fluid  silica  having  dripped 
to  the  bottom  and  there  become  solid  ;  moreover,  the  superior 
pendent  stalactite  is  sometimes  found  united  with  the  stalag- 
mite below.  The  same  results  are  here  observed  as  with  lime 
stalactites  in  caverns,  and  often  a  similar  laminated  or  banded 
structure,  the  result  of  deposition  in  successive  layers.  Such 
results  can  proceed  only  from  a  slow  and  quiet  process, — a 
gradual  infiltration  of  a  solution  from  above  into  a  ready- 
formed  cavity  ;  they  can  no  more  be  supposed  to  arise  from 
ascending  vapours,  or  gaseous  emanations  from  below,  than 
the  stalactite  in  the  limestone  cavern. 

Another  fact  is  often  observed.  A  geode  of  quartz  crystals, 
sometimes  amethystine,  in  which  every  crystal  is  neatly  and 
regularly  formed,  is  found  with  the  surface  coated  over  with 
an  incrustation  of  chalcedony,  the  part  above  hanging  in  small 
stalactites;  and  this  chalcedonic  coat  sometimes  scarcely  ad- 
heres to  the  crystals  it  covers ;  or  is  even  loose,  and  may  be 
easily  separated.  There  can  scarcely  be  a  doubt  of  a  subse- 
quent infiltration  in  a  case  of  this  nature. 

We  might  rest  our  argument  here,  since  the  fact  being  as- 
certained with  regard  to  quartz,  it  is  necessarily  established  as 
a  general  principle  with  reference  to  the  zeolites  and  other 
amygdaloidal  minerals  ;  for  quartz  or  chalcedony,  when  pre- 
sent in  these  cavities,  is,  with  rare  exceptions,  the  lower  or 
oilier  mineral.  We  find  zeolites  implanted  on  quartz,  but 
very  seldom  quartz  on  zeolites.  I  have  met  with  no  instance 
of  the  latter,  while  the  former  is  the  usual  mode  of  occurrence. 
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Any  deduction,  therefore,  respecting  quartz,  holds  equally  for 
the  associated  minerals. 

How  a  cavity  coated  with  a  deposit  of  chalcedony  can  still 
be  afterwards  filled  up  with  other  minerals,  has  been  deemed  a 
mystery  in  science,  but  the  possibility  of  it  is  now  not  doubted. 
Even  flint  and  agate,  as  Macculloch  states,  are  known  to  give 
passage  to  oil  and  sulphuric  acid ;  and  much  more  will  this 
take  place  in  the  moist  rocks  before  the  agate  has  been  hard- 
ened by  exposure  to  the  air.  Silica  remains  in  a  gelatinous 
state  for  a  long  period  after  deposition,  and  in  this  condition 
is  readily  permeable  by  solutions.  It  is  not  necessary  that  the 
fluid  which  has  acted  the  part  of  a  solvent  and  filled  the  ca- 
vity, should  yield  place  to  another  portion  of  fluid  ;  for  the 
process  of  crystallization  having  commenced,  a  new  portion  of 
the  material  is  constantly  drawn  in  to  the  same  fluid,  and  the 
-  necessary  chemical  changes  are  also  promoted  by  the  induc- 
tive influence  of  the  changes  in  progress — the  catalytic  action 
as  it  is  called — one  of  the  most  efficient,  and  at  the  same  time 
one  of  the  most  universal  agencies  in  nature. 

Other  evidence  with  reference  to  amygdaloidal  minerals  is 
presented  by  the  zeolites  themselves. 

3.  The  zeolites  occupy  veins  or  seams  as  well  as  cavities. 
Often  the  seams  were  opened  by  the  contraction  of  the  cooling 
rock,  and  at  other  times  they  were  of  more  recent  origin.  In 
either  case  the  minerals  filling  these  seams  must  be  subsequent 
in  formation  to  the  origin  of  the  rock  itself,  and  could  not 
have  proceeded  from  vapours  attending  the  eruption.  These 
seams  sometimes  open  upward  and  can  be  seen  to  have  no 
connexion  with  the  parts  below,  the  rock  in  this  portion  being 
solid.  Origin  from  above  or  from  either  side,  is  the  only  sup- 
position in  such  cases. 

Messrs.  Jackson  and  Alger,  in  their  valuable  memoir  on 
the  geology  of  Nova  Scotia,  mention  the  occurrence  of  crystals 
of  analcime  attached  to  the  extremity  of  a  filament  of  copper, 
the  copper  having  been  the  nucleus  about  which  the  solution 
crystallized,  and  state  that  their  formation  must  have  been 
subsequent  to  the  formation  of  the  rock. 

4.  Zeolites,  moreover,  have  been  found  forming  stalactites 
in  basaltic  caverns,  as  was  observed  by  the  writer  in  some  of 
the  Pacific  islands  :  and  Dr.  Thomson  has  described  and 
analysed  one  (Antrimolite)  from  Antrim  in  Ireland  near  the 
Giant's  Causeway. 

These  facts  favour  throughout  the  view  we  urge,  that  the 
amygdaloidal  minerals  have  in  general  resulted  from  infiltra- 
tion, and  were  not  necessarily  formed  simultaneously  with  the 
erupted  rock. 
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5.  We  remark  further,  that  no  lavas  have  ever  been  shown 
to  contain  at  the  time  of  ejection  any  of  the  zeolitic  minerals. 
The  zeolites  of  Vesuvius  are  known  to  occur  only  in  the  older 
lavas,  and  afford  no  evidence  against  our  position.  The 
cavities  in  lavas,  as  far  as  observed,  are  empty  as  they  come 
from  the  volcanic  fires,  with  the  exception  of  those  containing 
sparingly  some  metallic  ores  which  are  condensed  within  them. 
Considering  the  fusibility  of  the  zeolites  and  their  easy  destruc- 
tion by  heat  and  by  volcanic  gases,  sulphureous  and  muriatic, 
we  should  a  priori  say  that  they  could  not  be  formed  under 
such  circumstances. 

6.  Besides,  as  we  have  stated,  none  of  the  proper  consti- 
tuents of  trap  or  basalt — or  the  minerals  disseminated  through 
these  rocks, — contain  water.  They  are  all  anhydrous.  The 
minerals  formed  accidentally  in  furnaces  are  anhydrous.  The 
constituents  of  granite,  syenite  and  porphyry,  are  all  anhy- 
drous. It  is  only  those  minerals  which  are  found  in  geodes  or 
seams  that  contain  water.  Of  equal  importance  is  the  fact, 
that  none  of  the  essential  constituents  of  these  rocks  have  ever 
been  found  in  these  geodes  or  cavities  along  with  the  zeolites, 
as  might  have  been  the  case  had  they  been  formed  together, 
by  segregation  or  otherwise.  Neither  felspar,  although  so 
abundant,  nor  augite,  nor  chrysolite,  have  been  found  filling, 
like  zeolites,  or  with  them,  the  cavities  of  amygdaloid.  There 
is  then  a  wide  distinction  between  the  anhydrous  constituents 
of  these  rocks,  and  the  hydrous  zeolitic  minerals. 

A  few  zeolites  have  been  found  in  granite  or  gneiss,  but 
they  are  so  disseminated  that  they  can  be  shown  to  be  of  more 
modern  origin  than  the  rock,  and  to  have  resulted  from  some 
decompositions  of  true  granite  minerals.  They  differ  entirely 
in  their  mode  of  distribution  from  the  felspar,  garnet,  &c.  of 
granite.  Along  with  the  decomposing  felspar  it  is  not  un- 
usual to  find  stilbite  in  the  cavities  formed  by  the  decompo- 
sition. 

Zeolites  also  have  been  found  disseminated  through  the 
texture  of  basalt,  clinkstone,  &c,  like  the  felspar,  augite,  &c. 
But  the  proportion  varies  widely,  and  in  some  parts  of  the 
same  bed  they  are  found  to  be  wanting:  so  that  we  have  suf- 
ficient reason  for  classing  these  disseminated  zeolites  with 
those  in  the  cavities,  as  formed  or  introduced  by  infiltration. 

7.  Bearing  upon  this  subject,  it  should  be  observed,  that 
the  constituents  ofamygdaloidal  minerals  are,  in  general,  those 
of  the  containing  rock.  Silica,  potash,  soda,  alumina,  are 
found  in  the  felspars;  lime,  magnesia  and  iron,  in  augite  or 
hornblende  ;  iron  and  magnesia  in  chrysolite.     These  are  all 
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the  constituents  needed,  except  a  little  baryta  for  one  species. 
The  felspar  decomposes  readily  and  gives  up  its  ingredients, 
its  potash  or  soda,  silica  and  alumina ;  the  same  is  true  of 
augite  and  chrysolite,  which  afford  magnesia,  lime,  silica  and 
iron.  With  water  to  infiltrate,  we  should  therefore  have  all 
the  necessary  ingredients  at  hand  for  the  required  compounds. 
The  fact  already  stated,  that  zeolites  have  been  found  as  sta- 
lactites in  caverns,  seems  to  prove  that  they  do  actually  re- 
sult from  decompositions  and  recompositions,  such  as  have 
been  supposed.  Thus  we  have  all  the  conditions  at  hand  ne- 
cessary for  producing,  by  infiltration,  the  zeolites  and  the 
chlorite  nodules  of  these  rocks  ;  the  alumina,  alkalies  and  lime, 
contribute,  along  with  a  portion  of  the  silica,  to  the  zeolites, 
and  the  magnesia,  iron,  and  another  portion  of  the  silica,  to 
the  chlorite  *,  often  as  abundant  as  the  former.  The  amyg- 
daloidal  nodules  frequently  have  a  green  coating,  which  fur- 
ther indicates  the  probable  truth  of  these  views  ;  for  it  appears 
evidently  to  be  a  precipitate  from  the  solution  before  a  cry- 
stallization of  the  zeolites  took  place — a  settling,  perhaps,  of 
the  insoluble  impurities  taken  up  by  the  filtrating  fluid  in  its 
passage  through  the  rock,  or  of  the  formed  chlorite,  less  so- 
luble than  the  zeolites.  Occasionally,  when  the  rock  contains 
copper,  these  nodules  have  an  earthy  coating  of  green  carbo- 
nate of  copper — the  carbonate  having  proceeded,  apparently, 
from  the  native  copper  of  the  rock,  by  the  same  process  as 
explained. 

The  hypothesis  of  filtration  seems,  then,  to  be  at  least  the 
principal  source  of  these  minerals.  In  some  instances  the 
filtrating  fluid  may  have  derived  its  ingredients  from  distant 
sources.  The  salts  of  sea-water  may  act  an  important  part 
in  these  changes.  Silica  is  dissolved  on  a  grand  scale  during 
submarine  eruptions,  as  we  have  elsewhere  urged,  and  is 
thence  distributed  to  the  rocks  around.  Lime,  also,  is  taken  up 
in  a  similar  manner.  But  the  rock  itself  has  often  afforded 
the  ingredients  for  the  forming  minerals,  during  the  passage 
of  the  filtrating  fluid  through  it.  By  the  same  means,  the  ad- 
joining walls  of  a  seam  or  dyke — which  received  the  drainings 
from  the  rock  of  the  dyke — are  often  penetrated  by  zeolitic 
minerals. 

It  may  be  thought  that  I  am  giving  undue  influence  to  a 
favourite  theory,  and  in  the  minds  of  some,  these  conclusions 
may  be  set  down  among  mere  speculations  in  science.     But 

*  Chlorite  consists  of  the  same  elements  as  augite  or  hornblende,  ex- 
cept that  the  lime  is  excluded  and  water  added.  They  are  silica,  alumina, 
magnesia,  oxide  of  iron,  with  12  per  cent,  of  water. 
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the  circumstances  attending  submarine  igneous  action,  I  am 
persuaded,  are  not  generally  apprehended.  What  is  the  con- 
dition of  the  deep  bed  of  an  ocean  ?  Even  at  a  depth  of 
three  miles,  the  waters  press  upon  the  bottom  with  a  force 
equivalent  to  a  million  of  pounds  to  the  square  foot ;  and  with 
such  a  forcing  power  above,  can  we  set  limits  to  the  depth  to 
which  these  sea-waters — magnesia  and  soda  solutions — will 
penetrate  ?  Will  not  every  cayern,  every  pore,  far  down,  be 
filled  under  such  an  enormous  pressure  ?  Let  a  fissure  open 
by  an  earthquake  effort,  and  cau  we  conceive  of  the  tremen- 
dous violence  with  which  the  ocean  will  rush  into  the  opened 
fissure  ?  Let  lava  ascend,  can  we  have  an  adequate  idea  of 
the  effect  of  this  conflict  of  fire  and  water?  The  rock  rises, 
blown  up  with  cavities  like  amygdaloid,  and  will  a  long  in- 
terval elapse  before  every  air-cell  will  be  occupied  from  the 
incumbent  water  ?  Suppose  an  Hawaii  to  be  situated  beneath 
the  waves,  pouring  forth  its  torrents  of  liquid  rock  ; — this 
island  contains  about  five  thousand  square  miles,  which  is  less 
than  the  probable  extent  of  many  a  region  of  submarine  erup- 
tion ; — suppose,  I  say,  the  fires  were  opened  and  active  over 
an  area  of  some  thousands  of  square  miles — are  there  no 
effects  to  be  discovered  of  this  action  ?  There  is  no  geologist 
that  pretends  to  deny  the  premises — the  fact  of  such  submarine 
eruptions,  the  ocean's  pressure,  the  effect  of  fire  in  heating 
water,  and  in  giving  it  increased  solvent  power ;  and  why 
should  they  not  reason  upon  the  admitted  facts,  and  study  out 
the  necessary  consequences  ?  Surely,  if  there  have  been  effects, 
we  might  expect  to  see  some  of  them  manifested  in  the  cavi- 
ties oi  the  ejected  rocks,  which  were  opened  at  the  time  to 
receive  the  waters  and  any  depositions  they  might  be  fitted 
under  the  circumstances  to  make. 

We  are  led  by  these  considerations  to  another  point  in  con- 
nexion with  this  subject, — the  probable  condition  under  which 
the  different  amygdaloidal  minerals  have  been  formed.  Have 
they  all  proceeded  from  heated  solutions,  or  all  from  cold  so- 
lutions ?  or  can  we  distinguish  some  which  are  indubitably  of 
one  or  the  other  mode  of  formation  ? 

Bearing  on  these  questions,  we  notice  such  facts  as  are  af- 
forded by  the  condition  and  relative  positions  of  the  minerals 
in  geodes.  And  I  would  here  acknowledge  my  obligations  to 
the  valuable  memoir,  before  alluded  to,  by  Messrs.  Jackson 
and  Alger.  The  paucity  of  information  on  this  subject  to  be 
found  in  the  various  accounts  of  similar  rocks  by  other  writers 
is  surprising.  Even  where  special  pains  have  been  taken  to 
describe  the  mineral  species,  the  relative  positions  of  the  mi- 
nerals are  very  seldom  noted.    It^has  been  altogether  too  com- 
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mon  among  geologists  to  treat  mineral  information  with  a 
degree  of  neglect  almost  amounting  to  contempt,  although,  as 
facts  will  probably  hereafter  show,  they  lie  at  the  basis  of  an 
important  branch  of  geological  science. 

But  to  proceed  with  the  subject  before  us.     We  find  that 

Quartz  or  chalcedony,  and  datholite,  very  seldom  overlie 
other  mineral  species  in  geodes  or  amygdaloidal  cavities,  while 
the  latter  often  overlie  them*:. 

Prehnite  is  usually  lowermost  with  reference  to  all  the  spe- 
cies except  the  two  just  mentioned.  Occasionally  it  is  found 
upon  analcime,  as  at  the  Kilpatrick  hills. 

Analcime  is  commonly  situated  below  all,  except  quartz, 
datholite  and  prehnite. 

Of  the  remaining  species,  chabazite,  stilbite,  harmotome, 
Heulandite,  scolecite,  mesole,  Laumonite  and  apophyllite,  it 
is  more  difficult  to  distinguish  an  order  of  arrangement.  My 
investigations  only  enable  me  to  state  that  chabazite  is  usually 
covered  by  the  rest  (when  associated  with  them),  yet  it  is 
sometimes  superimposed  on  stilbite;  and  apophyllite  is  almost 
uniformly  above  all  with  which  it  may  be  associated ;  calc-spar 
is  at  different  times  above  and  below.  We  thus  arrive  at  the 
following  as  the  usual  order  of  superposition  : — 

1.  Quartz. 

2.  Datholite. 

3.  Prehnite. 

4.  Analcime. 

5.  Chabazite,  harmotome. 

6.  Stilbite,  Heulandite,  scolecite,  natrolite,  mesole,  Lau- 
monite, apophyllite. 

It  is  a  reasonable  inference  that  the  species  which  covers 
the  bottom  of  a  cavity  was  first  deposited,  and,  as  a  general 
rule,  that  the  others  above  were  formed,  either  simultaneously, 
or  in  succession  upon  the  lowermost,  as  their  order  may  indi- 
cate. Each  is  usually  perfect  in  its  most  delicate  crystalliza- 
tions, so  that  we  cannot  suppose  that  the  minerals  first  de- 
posited often  underwent  change  after  their  deposition,  though 
instances  of  this  may  no  doubt  be  detected. 

It  is  also  evident,  that  if  there  were  any  species  formed  pre- 
vious to  the  complete  cooling  of  the  rock,  or  if  any  require 
for  their  formation  an  elevated  temperature,  they  are  those 
first  deposited — the  first  in  the  above  series.  A  few  considera- 
tions will  place  this,  if  possible,  in  a  clearer  light. 

Quartz,  as  we  have  stated  in  a  preceding  page,  and  fully 
remarked  upon  elsewhere,  enters  largely  into  solution  during 

*  The  writer  has  observed  stilbite,  apophyllite,  calc-spar  and  prehnite 
overlying  datholite,  and  various  species  over  prehnite. 
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submarine  eruptions.  This  solution  has  been  shown,  by  actual 
experiment,  to  be  a  necessary  consequence  of  such  action. 
This  fact  corresponds  most  completely  with  the  above  deduc- 
tions. Quartz  usually  forms  the  first  lining  of  the  geode  or 
amygdaloidal  cavity,  when  it  is  found  at  all,  and,  moreover, 
it  is  the  most  abundant  of  all  amygdaloidal  minerals. 

Quartz  may  also  proceed  from  decompositions  of  the  rock 
in  the  cold,  and  incrustations  of  this  kind  are  known  to  occur ; 
but  such  an  explanation  does  not  account  for  its  generally 
preceding  all  other  species  in  filling  cavities  and  seams  in  trap 
rocks,  and  is  insufficient  to  produce  the  large  deposits  of  silica, 
sometimes  amounting  to  many  tons  in  a  single  geode. 

It  should  not  be  understood  that  the  quartz  is  supposed  to 
be  derived  always  from  the  same  heated  waters  that  attended 
the  formation  of  the  containing  rock ;  for  later  eruptions  in 
the  same  region  might,  at  a  subsequent  period,  produce  a  like 
result :  yet,  as  its  place  in  the  series  proves  it  to  be  the  earliest 
in  formation,  it  has  probably  been  generally  deposited  from 
the  water  heated  during  the  eruption  of  the  rock.  Leaving 
quartz,  we  pass  to  the  other  minerals. 

It  is  a  striking  fact  that  the  minerals  next  to  quartz  in  the 
table  given — datholite,  yrehnite  and  analcime — contain  less 
water  than  either  of  the  following  species.  While  the  others 
include  from  10  to  20  per  cent.,  the  first,  datholite,  has  but 
5  per  cent.,  prehnite  about  k\  per  cent.,  and  analcime  8  per 
cent.*  This  fact  certainly  leans  towards  the  view  of  their 
having  originated  at  a  somewhat  more  elevated  temperature 
than  the  other  species — the  same  conclusion  that  is  drawn 
from  their  lower  position  in  geodes. 

The  fact,  also,  that  prehnite  has  been  found  forming  pseudo- 
morphs,  bears  the  same  way ;  for  heat  would  be  necessary,  in 
all  probability,  to  aid  in  removing  the  original  mineral.  The 
vast  extent  of  some  prehnite  veins — occasionally,  as  Dr. 
Jackson  has  observed,  three  or  four  feet  wide — refers  to  an 
origin  like  that  of  the  quartz  in  similar  rocks.  Indeed,  there 
seems  little  doubt  that  prehnite  is  often  derived  from  that 

*  The  following  table  shows  the  percentage  of  water,  and  gives  at  the 
same  time  a  general  view  of  the  composition  of  the  zeolites: — 

Silica,  boracic  acid,  lime. — Datholite  (5  Aq.). 

Silica,  alumina,  lime. — Prehnite  (4j  Aq.).  Heulandite  (14  Aq.).  Scolecite 
(13LAq.).   Epistilbite  (14  Aq.).   Stilbite  (17  Aq.).   Laumonite(17  Aq.). 

Silica,  alumina,  lime  and  potash,  or  soda. — Mesole  (12  Aq.).  Thomsonite 
(13  Aq.).   Phillipsite  (17Aq.).   Chabazite  (21  Aq.). 

Silica,  alumina,  and  either  soda,  baryta  or  strontia. — Analcime  (8  Aq.). 
Natrolite  (9i  Aq.).    Harmotome  (15  Aq.).    Brewsterite  (1.3  Aq.). 

Silica,  lime  and  potash. — Apophyllite  (16  Aq.). 

Silica,  lime. — Dysclasite  (16£  Aq.). 
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portion  of  the  silica  in  solution  which  entered  into  combina- 
tions at  the  time  with  the  alumina  and  lime  which  the  silice- 
ous waters  contained ;  and  probably  the  lime  as  well  as  silica 
was  derived  in  part  from  an  external  source.  The  pseudo- 
morphs  prove  that  "prehnite  may  have  been  the  result  also  of 
subsequent  eruptions,  at  the  same  time  that  they  show  the 
probable  necessity  of  heat  for  its  formation. 

Datholite  is  a  compound  of  silica,  lime  and  boracic  acid, 
with  about  5  per  cent,  of  water.  Besides  the  small  percent- 
age of  water,  and  its  being,  next  to  quartz,  the  lowermost 
mineral  in  geodes,  we  find  an  additional  fact,  alone  almost 
decisive  with  regard  to  its  origin,  in  its  containing  boracic 
acid.  Boracic  acid  is  often  evolved  about  volcanoes  or  in  vol- 
canic regions.  The  hot  lagoons  of  Tuscany,  and  the  volcano 
of  Lipari,  are  the  most  noted  examples. 

Although  boracic  acid  has  never  been  detected  in  sea-water, 
there  can  be  little  doubt  of  its  occurring  in  it.  The  u.^ual 
modes  of  analysis  by  evaporation  would  dissipate  it,  and  of 
course  it  could  not  thus  be  detected  except  with  special  care 
and  by  operating  on  a  large  quantity  of  water.  Borate  of 
soda  (boracite)  is  found  only  in  beds  of  salt  and  gypsum, — 
both  sea- water  products.  Moreover,  borate  of  lime  has  been 
lately  found  on  the  dry  plains  in  the  northern  part  of  Chili, 
along  with  common  salt,  iodic  salts,  gypsum  and  other  marine 
salts ;  and  all  are  so  distributed  over  the  arid  country,  that  the 
region  has  been  lately  described  as  having  been  beyond  doubt 
once  the  bed  of  the  sea.  These  facts  render  it  altogether 
probable  that  sea-water  which  gains  access  to  volcanic  fires  is 
the  source  of  the  boracic  acid  in  volcanic  regions*. 

If  this  be  its  origin,  the  necessity  of  heat  and  pressure  must 
be  admitted,  in  order  to  produce  the  chemical  combinations 
in  datholite.  -Its  elements  are  not  those  of  the  felspar  or 
other  trap  minerals,  like  the  zeolites  superimposed  on  it;  but 
they  have  come  from  an  extraneous  source,  and  none  is  more 
probable  than  the  sea  waters,  which  were  heated  at  the  sub- 
marine eruption,  and  permeated  the  bed  of  molten  rock 
shortly  after  ejection.  Thus  placed  in  circumstances  of  pres- 
sure and  confinement,  along  with  silica  in  solution,  the  vola- 
tile boracic  acid  might  enter  into  the  combination  presented 
in  datholite. 

An  interesting  fact  bearing  upon  the  history  of  datholite 

*  The  only  other  known  source  is  the  mineral  tourmaline,  quite  an  im- 
probable one  in  the  case  before  us.  It  is  possible  that  tourmaline  may 
have  received  its  boracic  acid  from  the  sea  during  granitic  eruptions,  and 
the  occurrence  of  this  mineral  in  the  vicinity  of  trap  dykes  is  explained  in 
the  same  manner. 
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was  observed  by  Dr.  Jackson  at  Keweena  Point,  Lake  Su- 
perior. The  datholite  is  often  found  there  in  veins  with  na- 
tive copper,  and  is  associated  in  some  places  with  a  curious 
slag  of  boro-silicate  of  iron  and  copper.  Sometimes  the  cry- 
stals of  datholite,  as  well  as  the  prehnite  and  calc-spar,  con- 
tain scales  or  filaments  of  native  copper.  These  very  im- 
portant observations  seem  to  establish  the  same  origin  for  the 
three  minerals,  for  Dr.  Jackson  states  that  they  appear  to  be 
contemporaneous ;  and  if  calc-spar  has  been  deposited  from 
a  solution,  the  same  holds  true  of  the  others.  They  have  all 
been  formed  subsequent  to  the  copper  filaments  of  the  cavities, 
for  they  were  deposited  around  them ;  yet  may  have  been  the 
next  to  form  during  the  cooling  of  the  rock.  The  boro-sili- 
cate of  iron  and  copper  has  resulted  from  the  same  causes. 

Analcime  approaches  the  zeolites  in  composition,  but  like 
the  prehnite  and  datholite  it  contains  less  water,  and  is  very 
different  in  its  crystallization.  We  have  less  evidence  as  to 
the  heat  necessary  for  its  formation ;  yet  it  was  probably 
formed  at  a  somewhat  elevated  temperature. 

With  regard  to  the  other  amygdaloidal  minerals,  we  are  in 
still  greater  doubt  as  to  the  necessity  of  heat.  We  cannot  at 
present  fully  appreciate  the  efficiency  of  chemical  agents  in  a 
nascent  state  acting  slowly  without  heat  through  long  periods. 
Many  of  them  may  require  heat,  and  some  may  be  the  last 
depositions  from  the  filtrating  waters  after  they  have  nearly 
or  quite  attained  their  reduced  temperature.  But  the  forma- 
tion of  zeolitic  stalactites  in  caverns  favours  the  view  that  some 
at  least  may  form  at  the  ordinary  temperature  by  the  slow 
decomposition  of  the  containing  rock  after  it  had  emerged 
from  the  waves  #.  Kersten  has  lately  described  a  modern 
stellated  zeolite  forming  incrustations  on  the  pump-wells  of 
the  Himmelsfahrt  mine  near  Freyberg.  It  consisted  of  silica, 
oxides  of  iron  and  manganese  and  water.  Further  examina- 
tion will  probably  bring  more  of  these  modern  products  to 

The  formation  of  particular  minerals  in  certain  regions  de- 
pends of  course  upon  the  supply  of  the  necessary  ingredients. 
Where  the  supply  of  lime  has  been  large,  we  should  expect 
to  find  some  of  the  minerals,  prehnite,  Heulandite,  Laumonite, 
stilbite,  scolecite,  dysclasite,  chabazite,  for  carbonate  of  lime 
decomposes  the  silicates  of  potash  and  soda.     Instances  of 

*  Annates  des  Mines,  ii.  (4th  Ser.)  465,  1842. 

•f*  Carbonate  of  iron  seems  never  to  form  from  water  at  the  surface,  its 
solutions  depositing  a  hydrated  peroxide  of  iron  instead  of  the  carbonate; 
it  may  therefore  require  a  submerged  condition  of  the  rock,  although  not 
necessarily  a  raised  temperature. 
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this  association  of  the  lime  zeolites  with  a  large  supply  oflime 
in  the  vicinity  are  common.  When  there  is  little  or  no  lime, 
or  only  the  results  proceeding  from  the  decomposing  rock, 
the  other  zeolites  are  formed — the  hydrous  silicates  of  alumina 
and  potash  or  soda,  occasionally  with  some  lime.  But  if  a 
salt  of  baryta  or  strontia  is  present,  the  decomposition  of  the 
silicates  of  the  alkalies  takes  place  as  by  the  lime,  and  the 
mineral  harmotome  or  Brewsterite  is  produced. 

In  the  above  explanations  we  have  scarcely  appealed  to  one 
source  of  amygdaloidal  minerals  admitted  in  the  outset — their 
proceeding  from  vapours  rising  with  the  erupted  rock ;  for  it 
seems  to  be  of  but  limited  influence.  Besides  the  arguments 
already  brought  forward,  we  state  that  the  vapours  which  rise 
at  the  moment  of  eruption  are  insufficient.  They  inflate  the 
rock  or  blow  up  the  cavities ;  but  the  little  vapour  required 
to  open  the  cavities  most  assuredly  could  not  afford  by  con- 
densation the  mineral  matter  necessary  to  fill  them, — to  pro- 
duce stalactites,  stalagmite  and  successive  layers  of  minerals. 
The  vapours  then,  if  the  source,  must  have  continued  to  rise 
for  some  time  afterward.  But  is  it  possible  that  vapours  should 
rise  up  through  the  solid  rock?  Such  does  not  happen  in 
the  case  of  recent  volcanoes ;  for  fissures  are  first  opened  and 
then  the  vapours  escape.  And  could  it  happen  with  the  water 
above  pressing  down  into  the  rock  with  the  force  of  an  ocean 
even  a  mile  deep? 

There  may  be  instances  of  this  mode  of  formation  ;  but  that 
it  should  be  the  usual  mode  is  irreconcilable  with  the  many 
facts  stated.  The  form  and  condition  of  quartz  or  chalcedony 
in  geodes,  as  well  as  the  vast  amount  of  this  mineral  in  some 
cases, — the  relative  positions  of  the  zeolites,  and  their  occur- 
rence as  incrustations  on  rocks,  or  as  fillings  of  cavities  or 
seams,  and  never  in  disseminated  crystals  through  the  texture 
of  the  rock, — the  green  coating  of  the  nodules,  which  is  some- 
times a  carbonate  of  copper  when  there  is  native  copper  in 
the  rock  to  undergo  alteration, — the  correspondence  between 
the  elements  of  the  minerals  and  the  composition  of  the  in- 
cluding rock,  and  at  the  same  time  their  contrast  in  being 
hydrous  while  the  constituents  of  the  latter  are  anhydrous, — 
and  the  known  formation  of  zeolites  in  caverns, — these  various 
facts  appear  to  establish  infiltration  as  the  principal  means  by 
which  amygdaloidal  minerals  have  been  produced. 


[    63    ] 

XIII.  Reflections  on  the  Resolution  of  Algebraic  Equations  of 

the  Fifth  Degree.     By  G.  B.  Jerrard. 

[Continued  from  vol.  xxvi.  p.  574.] 

47.  rriHE  remarks  in  No.  44-.  related  to  a  difficulty  which 

-I-       must  arise  if  we  can,  as  seems  to  have  been  proved, 

succeed  in  tracing  the  equation  for  W  to  a  class  of  equations 

of  the  sixth  degree,  the  solution  of  which  can  be  effected.     I 

have  lately  reconsidered  the  subject  of  that  number,  and  the 

exact  nature  of  the  difficulty  in  question  will,  I  think,  appear 

from  what  follows. 

Since  every  symmetric  function  of  the  quantities  Vi,  VK» 
VL  will  be  such  as  to  remain  unchanged  whilst  one  of  the 
roots,  xv  continues  fixed,  and  a*2,  X&  x^  x5  are  permuted  in 
every  possible  way  among  themselves,  it  might  easily  be  shown 
that  the  equation  for  V, 

V15  +  C1V14  +  ..  +  C15  =  0, 
will  admit  of  being  resolved  into  five  factors  of  the  form 

V3  +J-  cx  V2  +  t%  fo)  v  +  r9  M  =  o, 

obtained  by  writing  1,  2,  3,  4,  5  successively  for  a:  r2  and  r3 
being  expressive  of  rational  functions,  and  such  that  rn  (xa) 
shall  essentially  involve  xa.  In  this  equation,  therefore,  we 
cannot  generally  write  rn  (0)  instead  of  rn  {xa). 

But  the  equation  for  V  will  evidently  lead  to  twenty-five  ex- 
pressions for  the  five  roots  x{i  #2,  . .  x5i  obtainable  from  a  sy- 
stem of  functions  of  xa  ; 

*.W  ¥*(*„)»  ..  ¥8(*fc)% 
The  question  therefore  suggests  itself:   Is  it  permitted,  since 
the  number  of  distinct  values  of '  x  cannot  exceed  5,  to  suppose 
that 

«%  M   =  Vn    (0), 

or  that  the  five  roots,  xv  X&  .  .  .r5,  without  considering  in 
what  order  they  will  arise,  may  be  expressed  by 

%(0),  ¥8(0),  ..^5(0); 

and  thus  to  avoid  the  conclusion  that  the  equation  of  the  third 
degree,  at  which  we  shall  arrive,  will,,  in  the  ordinary  meaning 
of  the  term,  be  simultaneous  with  V15+C!V14+  ..  +C15=0? 

In  fine,  if  we  can  effect  the  resolution  of  algebraic  equations 
of  the  fifth  degree,  it  must  be  possible  to  withdraw  the  terms 
involving  xa  from  M*  (xa)  considered  throughout  its  extent, 
although  we  retain  those  which  involve  xa  in  r  (x„). 

London,  December  13, 1845. 

*  See  (31.). 
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ROYAL  SOCIETY. 

Nov.  27,  "  T7XPERIMENTAL  Researches  in  Electricity."    By 
1845.         -C^     Michael  Faraday  Esq.,  D.C.L.,  F.R.S.,  &c.    Nine- 
teenth Series.    Section  25  :  On  the  Magnetization  of  Light,  and  the 
Illumination  of  Magnetic  Lines  of  Force. 

For  a  long  time  past  the  author  had  felt  a  strong  persuasion,  de- 
rived from  philosophical  considerations,  that  among  the  several 
powers  of  nature  which  in  their  various  forms  of  operation  on  mat- 
ter produce  different  classes  of  effects,  there  exists  an  intimate  rela- 
tion ;  that  they  are  connected  by  a  common  origin,  have  a  reciprocal 
dependence  on  one  another,  and  are  capable,  under  certain  condi- 
tions, of  being  converted  the  one  into  the  other.  Already  have  elec- 
tricity and  magnetism  afforded  evidence  of  this  mutual  convertibility  ; 
and  in  extending  his  views  to  a  wider  sphere,  the  author  became  con- 
vinced that  these  powers  must  have  relations  with  light  also.  Until 
lately  his  endeavours  to  detect  these  relations  were  unsuccessful ; 
but  at  length,  on  instituting  a  more  searching  interrogation  of  na- 
ture, he  arrived  at  the  discovery  recorded  in  the  present  paper, 
namely,  that  a  ray  of  light  may  be  electrified  and  magnetized  ;  and 
that  lines  of  magnetic  force  may  be  rendered  luminous. 

The  fundamental  experiment  revealing  this  new  and  important 
fact,  which  establishes  a  link  of  connexion  between  two  great  de- 
partments of  nature,  is  the  following.  A  ray  of  light  issuing  from 
an  Argand  lamp  is  first  polarized  in  the  horizontal  plane  by  reflexion 
from  a  glass  mirror,  and  then  made  to  pass,  for  a  certain  space, 
through  glass  composed  of  silicated  borate  of  lead,  on  its  emergence 
from  which  it  is  viewed  through  a  Nichol's  eye-piece,  capable  of  re- 
volving on  a  horizontal  axis,  so  as  to  intercept  the  ray,  or  allow  it 
to  be  transmitted,  alternately,  in  the  different  phases  of  its  revolu- 
tion. The  glass  through  which  the  ray  passes,  and  which  the  author 
terms  the  dimagnetic,  is  placed  between  the  two  poles  of  a  powerful 
electro-magnet,  arranged  in  such  a  position  as  that  the  line  of  mag- 
netic forces  resulting  from  their  combined  action  shall  coincide  with, 
or  differ  but  little  from  the  course  of  the  ray  in  its  passage  through 
the  glass.  It  was  then  found  that  if  the  eye-piece  had  been  so  turned 
as  to  render  the  ray  invisible  to  the  observer  looking  through  the 
eye-piece  before  the  electric  current  had  been  established,  it  be- 
comes visible  whenever,  by  the  completion  of  the  circuit,  the  mag- 
netic force  is  in  operation  ;  but  instantly  becomes  again  invisible  on 
the  cessation  of  that  force  by  the  interruption  of  the  circuit.  Fur- 
ther investigation  showed  that  the  magnetic  action  causes  the  plane 
of  polarization  of  the  polarized  ray  to  rotate,  for  the  ray  is  again 
rendered  visible  by  turning  the  eye-piece  to  a  certain  extent ;  and 
that  the  direction  of  the  rotation  impressed  upon  the  ray,  when  the 
magnetic  influence  is  issuing  from  the  south  pole,  and  proceeding 
in  the  same  direction  as  the  polarized  ray,  is  right-handed,  or  si- 
milar to  that  of  the  motion  of  the  hands  of  a  watch,  as  estimated  by 
an  observer  at  the  eye-piece.     The  direction  in  which  the  rotation 
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takes  place  will,  of  course,  be  reversed  by  reversing  either  the 
course  of  the  ray  or  the  poles  of  the  magnet.  Hence  it  follows  that 
the  polarized  ray  is  made  to  rotate  in  the  same  direction  as  the  cur- 
rents of  positive  electricity  are  circulating,  both  in  the  helices  com- 
posing the  electro-magnet,  and  also  in  the  same  direction  as  the 
hypothetical  currents,  which,  according  to  Ampere's  theory,  circu- 
late in  the  substance  of  a  steel  magnet.  The  rotatory  action  was 
found  to  be  always  directly  proportional  to  the  intensity  of  the 
magnetic  force,  but  not  to  that  of  the  electric  current ;  and  also  to 
be  proportional  to  the  length  of  that  portion  of  the  ray  which  re- 
ceives the  influence.  The  interposition  of  substances  which  occa- 
sion no  disturbance  of  the  magnetic  forces,  produce  no  change  in 
these  effects.  Magnets  consisting  only  of  electric  helices  act  with 
less  power  than  when  armed  with  iron,  and  in  which  magnetic  ac- 
tion is  consequently  more  strongly  developed. 

The  author  pursues  the  inquiry  by  varying  in  a  great  number  of 
ways  the  circumstances  in  which  this  newly-discovered  influence  is 
exerted ;  and  finds  that  the  modifications  thus  introduced  in  the  re- 
sults are  all  explicable  by  reference  to  the  general  law  above  stated. 
Thus  the  effect  is  produced,  though  in  a  less  degree,  when  the  po- 
larized ray  is  subjected  to  the  action  of  an  ordinary  magnet,  instead 
of  one  that  derives  its  power  from  a  voltaic  current ;  and  it  is  also 
weaker  when  a  single  pole  only  is  employed.  It  is,  on  the  other 
hand,  increased  by  the  addition  of  a  hollow  cylinder  of  iron,  placed 
within  the  helix,  the  polarized  ray  traversing  its  axis  being  then 
acted  upon  with  great  energy.  Helices  act  with  equal  power  in 
any  part  of  the  cylindric  space  which  they  enclose.  The  heavy  glass 
used  in  these  experiments  was  found  to  possess  in  itself,  no  specific 
magneto-inductive  action. 

Different  media  differ  extremely  in  the  degree  in  which  they  are 
capable  of  exerting  the  rotatory  power  over  a  polarized  ray  of  light. 
It  is  a  power  which  has  no  apparent  relation  to  the  other  physical 
properties,  whether  chemical  or  mechanical,  of  these  bodies.  Yet, 
however  it  may  differ  in  its  degree,  it  is  always  the  same  in  kind ; 
the  rotation  it  effects  is  invariably  in  one  direction,  dependent,  how- 
ever, on  the  directions  of  the  ray  and  of  the  magnetic  force.  In 
this  respect  it  differs  essentially  from  the  rotatory  power  naturally 
possessed  by  many  bodies,  such  as  quartz,  sugar,  oil  of  turpentine, 
&c,  which  exhibit  the  phenomena  of  circular  polarization ;  for  in 
some  of  these  the  rotation  takes  place  to  the  right,  and  in  others  to 
the  left.  When,  therefore,  such  substances  are  employed  as  dimag- 
netics,  the  natural  and  the  superinduced  powers  tend  to  produce 
either  the  same  or  opposite  rotations ;  and  the  resulting  effects  are 
modified  according  as  they  are  cumulative  in  the  former  case,  and 
differential  in  the  latter. 

In  the  concluding  section  of  the  paper,  the  author  enters  into  ge- 
neral considerations  on  the  nature  of  the  newly-discovered  influence 
of  electricity  and  magnetism  over  light,  and  remarks  that  all  these 
powers  possess  in  common  a  duality  of  character  which  constitutes 
them  a  peculiar  class,  and   affords  an  opening  which  before  was 
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wanting  for  the  appliance  of  these  powers  to  the  investigation  of 
this  and  other  radiant  agencies.  The  phenomena  thus  brought  to 
light  confirm  the  views  entertained  by  the  author  relative  to  the  con- 
stitution of  matter  as  being  spheres  of  power,  for  the  operation  of 
which  the  conception  of  a  solid  nucleus  is  not  necessary ;  and  leads 
to  the  presumption  that  the  influence  of  magnetism  on  bodies  which 
exhibit  no  magnetic  properties  consists  in  producing  in  them  a  state 
of  electric  tension  tending  to  a  current ;  while  on  iron,  nickel,  and 
other  bodies  susceptible  of  magnetism,  currents  are  actually  esta- 
blished by  the  same  influence. 

The  author  states  that  he  is  still  engaged  in  the  prosecution  of 
these  inquiries. 

"  On  the  Action  of  the  Rays  of  the  Spectrum  on  Vegetable 
Juices : "  being  an  Extract  from  a  Letter  by  Mrs.  M.  Somerville  to 
Sir  John  F.  W.  Herschel,  Bart.,  dated  Rome,  September  20, 1845. 
Communicated  by  Sir  John  F.  W.  Herschel,  Bart.,  F.R.S. 

In  the  experiments  of  which  the  results  are  here  recorded,  the  solar 
spectrum  was  condensed  by  a  lens  of  flint  glass  of  seven  inches  and 
a  half  focus,  maintained  in  the  same  part  of  the  screen  by  keeping  a 
pin-hole  or  pencil-mark  constantly  at  the  corner  of  the  red  rays, 
which  were  sharply  defined  by  being  viewed  through  blue  spec- 
tacles ;  and  the  apparatus  was  covered  with  black  cloth  in  order  to 
exclude  extraneous  light.  Thick  white  letter-paper,  moistened  with 
the  liquid  to  be  examined,  was  exposed  wet  to  the  spectrum,  as  it 
was  found  that  the  action  of  the  coloured  light  was  thus  rendered 
more  immediate  and  more  intense,  than  when  the  surface  of  the 
paper  was  dry. 

The  action  of  the  spectrum  at  the  junction  of  the  lavender  with 
the  violet  rays  was  found  in  some  cases  to  be  different  from  what  it 
is  with  either  of  these  colours  separately,  indicating  a  break  in  the 
continuity  of  action,  and  suggesting  the  idea  of  a  secondary  spec- 
trum. In  many  instances  the  yellow  and  green  rays  exert  a  power- 
ful influence  on  vegetable  substances,  an  influence  apparently  un- 
connected with  heat;  for  the  darkening  is  generally  least  under 
the  red  rays  and  immediately  below  them,  where  the  calorific  rays 
are  most  abundant.  The  action,  in  a  great  number  of  cases,  pro- 
duces insulated  spots  in  different  parts  of  the  spectrum,  but  more 
especially  in  the  region  of  the  rays  of  mean  refrangibility,  in  which 
neither  the  calorific  nor  the  chemical  powers  are  the  greatest.  The 
point  of  maximum  intensity  is  sometimes  altered  by  the  addition 
of  acids,  alkalies,  or  diluted  alcohol.  But  altogether,  as  the  author 
states,  the  action  of  the  different  parts  of  the  spectrum  seems  to  be 
very  capricious,  the  changes  of  colour  produced  being  exceedingly 
irregular  and  unaccountable. 

XV.  Intelligence  and  Miscellaneous  Articles. 

ACTION  OF  NITRIC  ACID  ON  WAX. 

WHEN  wax  is  boiled  in  nitric  acid,  the  same  phenomena,  accord- 
ing to  M.  Gerhard t,  result  as  when  the  acid  is  made  to  act 
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upon  stearic  acid  or  other  fatty  bodies ;  much  nitrous  vapour  is  dis- 
engaged ;  but  the  action  is  not  so  vivid,  as  when  olive  oil,  for  ex- 
ample, is  treated  by  the  acid. 

About  4300  grains  of  wax  were  boiled  with  rather  less  than  two 
pints  of  common  nitric  acid  for  about  two  hours,  and  the  mixture, 
allowed  to  cool,  became  a  solid  mass ;  this  was  perfectly  dissolved 
by  carbonate  of  soda,  with  the  production  of  slight  effervescence. 
On  cooling  the  whole  became  one  mass ;  the  wax  was  unctuous  and 
of  an  apricot  colour.  After  twenty-four  hours'  ebullition,  the  greater 
part  of  the  wax  was  dissolved  in  the  nitric  acid ;  an  oily  substance, 
having  the  smell  of  rancid  butter,  floated  on  the  solution ;  this  was 
entirely  dissolved  by  potash :  this  oil  was  acid,  and  could  not  be 
distilled  without  decomposing,  and  possessed  all  the  properties  attri- 
buted by  M.  Laurent  to  azoleic  or  cenanthylic  acid.  The  formation 
of  this  acid  has  been  observed  to  occur,  as  is  well  known,  during 
the  oxidizement  of  stearic  and  oleic  acids,  and  other  fatty  bodies. 

Wax  was  afterwards  boiled  with  twice  its  weight  of  nitric  acid, 
during  several  days,  until  all  the  oily  matter  disappeared ;  the  first 
crystalline  grains  which  deposited  by  the  cooling  of  the  solution, 
were  pimelic  acid,  as  shown  by  analysis,  which  gave  carbon  52, 
hydrogen  7*8,  indicating  as  its  composite,  carbon  52*5,  hydrogen 
7-5,  oxygen  40  in  100  parts,  or  C?  H6  O4. 

The  mother- water  yielded  a  considerable  quantity  of  adipic  acid, 
but  which  appeared  to  be  mixed  with  lipic  acid.  The  last  portions 
of  the  mother- water  yielded  no  crystals,  but  were  rendered  turbid 
by  the  addition  of  water,  and  deposited  fresh  portions  of  oily  azoleic 
acid.  Lastly,  when  the  wax  was  treated  with  nitric  acid,  till  red 
vapours  ceased  to  be  produced,  fine  crystals  of  succinic  acid  were 
obtained.  The  formation  of  this  body  has  been  already  shown  by 
Mr.  Ronalds.— Ann.  de  Ch.  et  de  Phys.,  Oct.  1845. 


DRY  DISTILLATION  OF  WAX. 

M.  C.  Gerhardt  states,  that  when  wax  is  submitted  to  dry  distilla- 
tion, there  condenses  in  the  receiver  a  solid,  white  granular  matter, 
floating  in  an  oily  liquid,  and  during  the  whole  time  of  the  operation 
a  mixture  of  carbonic  acid  and  bicarburetted  hydrogen  gases  is 
evolved.  The  condensed  portions  consist  of  a  fatty  acid,  a  solid  car- 
buretted  hydrogen,  and  several  liquid  carburetted  hydrogens ;  the 
products  become  more  and  more  impure  as  the  operation  approaches 
its  termination,  and  sometimes,  when  the  last  remains  of  the  wax  are 
carbonized,  a  small  quantity  of  a  reddish  solid  matter  is  obtained. 
If  the  products  be  separately  received  at  different  times,  it  is  found 
that  the  fatty  acid  passes  first,  and  afterwards  the  solid  carburetted 
hydrogen ;  the  liquid  carburetted  hydrogens  are  among  the  last  pro- 
ducts. When  the  distillation  is  rapidly  performed,  there  remains 
little  else  than  a  coaly  residue. 

The  first  portions  of  the  distillation  saponify  almost  entirely,  ex- 
cept a  few  particles  of  solid  carburetted  hydrogen.  The  soap  yields, 
by  the  action  of  hydrochloric  acid,  a  perfectly  white  fatty  acid ;  when 

F2 
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crystallized  once  or  twice  from  aether  slightly  alcoholized,  this  acid 
melts  at  140°  Fahr.,  and  becomes  a  radiated  mass  on  cooling ;  this 
acid,  after  being  fused,  yielded  by  analysis, — 

Carbon     751 

Hydrogen    12'8 

Oxygen 12*1 

100- 

which  gives  as  the  formula  C17  H17  O2,  and  the  substance  produced 
was  therefore  margaric  acid.  The  solid  carburetted  hydrogen  which 
accompanies  the  above  substance  is  paraffin,  as  shown  by  the  expe- 
riments of  M.  Ettling. — Ann.  de  Ch.  et  de  Phys.,  Nov.  1845. 


ANALYSIS  OF  PHOSPHATE  OF  ALUMINA.      BY  M.  A.  DELESSE. 

M.  Danhauser  discovered  at  Bernay,  near  Epernay,  a  white  sub- 
stance, considerably  resembling  alumina  dried  on  a  filter ;  it  invested 
a  gangue  coloured  by  the  oxides  of  iron  and  manganese,  and  ap- 
peared to  belong  to  the  plastic  clay  formation.  Several  collections 
in  Paris  contain  specimens  of  it,  but  that  examined  by  M.  Delesse 
contained  phosphoric  acid. 

In  the  closed  tube  this  substance  blackens  and  yields  much  water, 
containing  bituminous  matter ;  it  is  acid,  reddens  litmus  paper,  and 
appears  also  to  corrode  glass  slightly,  which  may  indicate  the  pre- 
sence of  a  little  hydrofluoric  acid.  In  the  outer  flame  of  the  blow- 
pipe, the  black  colour  produced  by  the  carbon  of  the  organic  matter 
disappears  and  the  substance  becomes  white ;  it  is  infusible.  With 
the  salt  of  phosphorus  it  readily  dissolves,  and  a  very  transparent 
bead  is  formed ;  with  carbonate  of  soda  this  substance  swells,  but 
does  not  dissolve ;  with  nitrate  of  cobalt  it  yields  a  fine  blue  colour. 

When  not  calcined  this  substance  dissolves  entirely  and  with  the 
greatest  facility  in  acids ;  it  also  dissolves,  but  with  difficulty,  in  pot- 
ash. .After  calcination,  it  is  scarcely  and  with  difficulty  acted  upon 
by  acids. 

It  will  be  observed  that  the  substance  possesses  all  the  properties 
of  pure  alumina,  and,  as  already  observed,  it  has  the  appearance  of 
it ;  the  presence  of  phosphoric  acid  was,  however,  ascertained  by  the 
process  of  Vauquelin  and  Thenard ;  it  also  contains  a  little  lime, 
which  is  undoubtedly  in  the  state  of  carbonate,  for  when  acted  upon 
by  acids  there  is  a  disengagement  of  gas. 

After  several  hours'  drying,  so  as  to  expel  the  hygrometric  moist- 
ure, the  loss  amounted  to  about  10  per  cent;  and  by  analysis  the 
substance  yielded, — 

Phosphate  of  alumina    46 

Water  and  organic  matter 49 

Carbonate  of  lime  and  loss    ....        5 

100 

M.  Delesse  states  that  he  did  not  possess  a  sufficient  quantity  of 
the  mineral  to  determine  the  quantity  of  phosphoric  acid ;  but  it  is 
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evident  that  it  must  form  a  distinct  species  from  wavellite,  which 
contains  20  to  30  per  cent,  of  water,  while  the  phosphate  of  Bernon 
contains  49  per  cent,  and  an  organic  substance.  Vauquelin  has  also 
described,  in  the  21st  vol.  of  the  Annates  de  Chimie  et  de  Physique, 
an  hydrated  phosphate  of  alumina,  from  the  Isle  of  Bourbon,  the 
composition  of  which  is  also  different  from  that  of  wavellite,  and 
likewise  contains  ammonia. — Annates  des  Mines,  1844. 


A  NEW  PLANET. 

The  Astronomer  Royal  has  forwarded  to  the  Times  newspaper 
the  following  letter  from  Prof.  Encke  of  Berlin,  relating  the  disco- 
very of  a  new  planet.  Mr.  Hind  had  previously  communicated  an 
extract  of  a  letter  from  Prof.  Schumacher,  announcing  the  fact  of 
Mr.  Hencke's  new  planet,  accompanied  with  a  statement  on  the  part 
of  Mr.  Hind,  that  he  could  not  find  any  star  answering  the  descrip- 
tion of  the  supposed  new  one. 

"Berlin,  Dec.  15th. 

"  On  the  13th  of  December,  Mr.  Hencke,  of  Driessen,  gave  notice 
that  he  had  found  a  star  of  the  ninth  magnitude,  in  a  place  where 
before  there  was  none.  He  gave  its  position  by  reference  to  the 
star-map  of  the  Berlin  Academy,  4th  hour  (which  particular  map 
was  very  carefully  drawn  by  Prof.  Knorr),  from  which  its  place 
appears  to  have  been  :  Dec.  8. — At  8  hours ;  right  ascension  in  arc, 
65°  25';  declination  north,  12°  41'. 

"  Yesterday,  Dec.  14,  we  sought  for  it  with  our  refractor,  and 
found,  by  comparison  with  the  star-map  of  the  Berlin  Academy 
(which  alone,  on  account  of  the  fulness  of  its  details,  could  have 
enabled  us  to  discover  it),  a  star  of  the  ninth  magnitude,  not  marked 
in  the  map,  whose  place  was :  Dec.  14. — At  6  hours  28  min.  mean 
time,  right  ascension  in  arc,  64°  4'  53"'2.  At  12  hours  43  min. 
mean  time,  right  ascension  in  arc,  64°  1'  10"*3. 

"  We  then  determined  the  following  places  with  the  wire  micro- 
meter, each  place  being  the  mean  of  five  observations.  At  13  hours 
34  min.  55 '6  sec.  mean  time,  right  ascension  in  time,  4  hours  16  min. 
2-44  sec;  declination  north,  12°  39'  54"*2.  At  13  hours  42  min. 
36"5  sec,  right  ascension  in  time,  4  hours  16  min.  2*08  sec  ;  decli- 
nation north,  12°  39'  53"' 1.  At  14  hours  33  min.  27'1  sec,  right 
ascension  in  time,  4  hours  16  min.  0"2  sec. ;  declination  north,  12° 
39'  52"*1.  Or,  taking  the  mean,  at  13  hours  56  min.  59'7  sec.  mean 
time;  right  ascension  in  arc,  64°  0'  23"* 6;  declination  north,  12° 
39'  53"-l. 

"  The  motion  is  retrograde,  and  its  daily  amount,  as  determined 
from  the  observations,  eight  hours  apart,  is — in  right  ascension,  14' 
21  "*2  of  arc  ;  in  declination  it  is  quite  insignificant. 

"  Mr.  Hencke's  place  of  December  8th  agrees  very  nearly  with 
this. 

"  The  star  is  probably  a  new  planet  near  its  opposition.  Vesta  is 
pretty  near  it,  and  is  also  in  opposition. 

"  On  account  of  the  difficulty  of  following  it,  I  have  thought  it 
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best  to  send  you  the  news  directly ;  and  I  beg  you  to  make  it  known 
in  England,  that  a  sufficient  number  of  observations  may  soon  be 
collected.  Excuse  the  shortness  of  this  letter,  which  is  written  in 
great  haste.*    Yours,  &c.  "Encke." 

Professor  Airy  says,  there  appears  to  be  no  reasonable  doubt  that 
the  object  to  which  the  foregoing  relates  is  a  new  planet. 

Mr.  Hind  has  since  observed  the  new  star  :  At  0  h.  20  min.  15  sec, 
sidereal  time,  on  Wednesday  evening,  the  right  ascension  of  the 
new  planet  was  4  hs.  8  min.  17'58  sec,  and  the  declination  12°  45' 
32"' 6,  north.  He  was  enabled  to  establish  its  motion  in  R.A.  from 
the  observations  made  at  Mr.  Bishop's  Observatory,  Regent's  Park, 
on  that  evening.  The  planet  has  the  appearance  of  a  star  of  the 
ninth  or  tenth  magnitude. — Literary  Gazette,  Dec  27. 

The  following  letter  from  the  Astronomer  Royal  has  since  been 
published  in  the  Times  newspaper  of  the  29th  inst. : — 

Royal  Observatory,  Greenwich,  Dec.  27- 
Sir, — I  have  this  day  received  from  Prof.  Schumacher  a  letter  re- 
lating to  the  new  planet,  of  which  I  request  you  to  publish  the  fol- 
lowing extract. 

I  am,  Sir,  your  obedient  Servant, 

G.  B.  Airy. 

(Extract  of  a  letter  from  Professor  Schumacher.) 

"  Mr.  Encke  obtained  an  observation  on  the  20th  of  December, 
and  this  has  enabled  him  to  give  an  approximate  sketch  of  the  orbit 
of  the  new  planet.     I  send  you  the  elements  : — 

"  Epoch  of  mean  longitude,  1846,  Jan.  0,  at  0  hour,  89°  32'  12"- 1 ; 
longitude  of  perihelion,  214°  53'  7"'0 ;  longitude  of  ascending  node, 
119°  44'  37"'5;  inclination,  7°  42'8"'4;  eccentricity,  0'207993  ; 
logarithm  of  semiaxis  major,  0*42144  ;  daily  mean  motion  in  longi- 
tude, 827"*65;  periodic  time,  156'5  days. 

"  The  discoverer  has  left  the  determination  of  the  name  to  Mr. 
Encke,  and  Mr.  Encke  calls  it  '  Astrsea.' 

"  Yours,  &c,         H.  C.  Schumacher. 

"Altona,  Dec.  23." 


NOTICE  OF  AN  AURORA  BOREALIS  SEEN  AT  MANCHESTER. 
To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen, 

I  will  thank  you  to  record  in  your  Philosophical  Magazine,  &c  an 
aurora  borealis  which  was  seen  at  this  place  on  Wednesday  evening, 
the  3rd  instant.  It  was  first  seen  as  a  luminous  arch  about  six 
o'clock ;  at  half- past  six  the  arch  was  complete  throughout,  from 
the  eastern  to  the  western  horizon,  with  a  span  of  upwards  of  100°. 
The  arch  of  light  was  perfectly  steady  and  of  an  unusual  breadth, 
much  broader  indeed  than  any  1  have  before  noticed.  The  altitude 
of  the  arch  also  was  unusually  great,  a  Ursa  Majoris,  then  near 
the  meridian  beneath  the  pole,  was  within  the  lower  margin  of  the 
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luminous  band,  whose  highest  point  was  about  the  meridian  of 
a  Draconis.  From  the  upper  edge  of  the  western  limb  sprang  seve- 
ral extensive  streamers ;  but  the  light  of  the  moon  (then  about  four 
days  old)  prevented  their  being  very  brilliant.  Shortly  after  seven, 
heavy  clouds  completely  covered  the  aurora,  showing  their  distance 
to  be  less  than  that  of  the  luminous  meteor  which  they  obscured, 
and  which,  by  their  long  continuance,  they  finally  closed. 

We  had  some  very  heavy  hail  showers  during  the  day,  and  a  per- 
fect gale  of  wind  the  previous  night.  The  same  day  a  terrific  thunder- 
storm visited  a  great  part  of  Wales,  killing  several  head  of  cattle  and 
doing  other  serious  damage  to  property. 

I  am,  Gentlemen, 

Your  obedient  Servant, 

Manchester,  December  19,  1845.  W.  Sturgeon. 


METEOROLOGICAL  OBSERVATIONS  FOR  NOV.  1845. 

C/iiswick. — November  1.  Slight  haze:  very  fine.  2.  Slight  fog:  overcast. 
3.  Frosty  :  fine:  clear  and  frosty.  4.  Frosty,  with  dense  fog  :  clear  and  frosty 
at  night.  5.  Frosty  and  foggy :  very  fine:  overcast.  6.  Very  fine:  rain.  7. 
Clear  and  fine  :  cloudy  :  rain.  8.  Cloudy.  9.  Very  fine  :  slight  rain.  10.  Very 
fine:  heavy  clouds.  11.  Hazy:  rain.  12.  Very  fine.  13.  Hazy:  very  fine. 
14.  Foggy  throughout.  15.  Foggy :  fine.  16.  Densely  clouded  :  rain.  17.  Fine: 
rain.  18.  Cloudy:  clear.  19.  Boisterous,  with  rain:  showery:  very  clear  at 
night.  20.  Fine.  21.  Overcast :  heavy  rain.  22.  Fine  :  clear  and  cold.  23. 
Sharp  frost :  fine.  24.  Very  fine  :  foggy  at  night.  25.  Uniformly  overcast : 
slight  rain  :  foggy.  26.  Densely  overcast.  28.  Cloudy.  29.  Heavy  rain. 
30.  Cloudless:  overcast  at  night. — Mean  temperature  of  the  month  1°'4S  above 
the  average. 

Boston. — Nov.  1.  Fine.  2,3.  Cloudy.  4 — 7.  Fine.  8.  Cloudy  :  rain  early 
a.m.  9.  Fine.  10.  Foggy.  11.  Fine:  rain  p.m.  12.  Cloudy.  13.  Fine. 
14,15.  Cloudy.  16.  Cloudy:  rain  early  a.m.  17.  Cloudy:  rain  early  a  m.  : 
rain  p.m.  18.  Cloudy  :  rain  early  a.m.  19.  Stormy  :  rain  a.m.  20 — 23.  Fine. 
24.  Fine :  snow  and  rain  early  a.m.  25 — 28.  Cloudy.  29.  Cloudy  :  rain  p.m. 
30.  Fine. 

Sandwich  Manse,  Orkney. — Nov.  1.  Bright:  cloudy.  2.  Fine:  cloudy.  3. 
Fine :  frost :  cloudy.  4.  Bright :  clear.  5.  Clear.  6.  Damp  :  cloudy.  7.  Damp  : 
hazy.  8.  Drizzle  :  cloudy.  9.  Cloudy  :  damp.  10.  Damp.  11.  Cloudy  :  fog 
in  valleys.  12.  Frosty:  fog:  clear.  13.  Fine.  14.  Fine:  frost:  fine.  15.  Fine: 
cloudy.  16.  Fine  :  rain.  17.  Fine:  showers.  18.  Cloudy.  19.  Rain  :  cloudy. 
20.  Showers.  21.  Showers :  sleet.  22.  Cloudy  :  showers.  23.  Cloudy  :  snow- 
showers.  24.  Cloudy  :  snow:  rain.  25.  Showers:  rain.  26.  Showers  :  thunder 
and  showers.  27.  Showers  :  hail :  showers.  28.  Cloudy  :  showers.  29.  Cloudy  : 
showers :  sleet.     30.  Sleet-showers  :  snow  on  hills. 

Applegarth  Manse,  Dumfries-shire. — Nov.  1.  Fair  and  fine.  2.  Fair  and  chilly. 
3.  Fair,  but  dull :  frost  a.m.  4.  Frost,  hoar:  clear  and  cold.  5.  Frost:  dull. 
6.  Fair  and  fine:  fresh.  7 — 10.  Rain  early  a.m.  11.  Fair  and  fine.  12 — 13. 
Hoar-frost :  fine.  14.  Raw  and  cloudy.  15.  Rain  p.m.  16.  Heavy  rain  p.m. 
17.  Fine:  dry.  18,  19.  Heavy  showers.  20.  Fine  a.m.  :  rain  p.m.  21.  Showers. 
22.  Frost.  23.  Frost :  a  few  drops  of  rain.  24.  Frost :  cloudy  r.M.  25.  Wet. 
26 — 28.    Very  heavy  rain.     29.    Showers.     30.  Heavy  rain  p.m. 

Mean  temperature  of  the  month 42°*7 

Mean  temperature  of  Nov.  1844      43  #6 

Mean  temperature  of  Nov.  for  twenty-three  years .  40  *2 
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XVI.  On  the  Application  of  the  Photographic  Camera  to  Me- 
teorological Registration.     By  Henry  Collen,  Esq.* 
[With  a  Plate.] 

N  April  1844,  Mr.  Ronalds  applied  to  me  for  the  purpose 
of  obtaining  some  photographic  representations  of  figures, 
forming  "  a  sort  of  pictorial  register  of  atmospheric  electri- 
city "  upon  glass  plates  coated  with  Canada  balsam,  which 
figures  had  been  executed  at  the  Kew  Observatory  by  means 
of  his  electrograph,  described  in  the  Fourteenth  Report  of  the 
British  Association.  The  desired  result  was  quickly  obtained 
by  the  usual  photogenic  process,  and  also  by  the  camera;  the 
latter  being  found  however,  as  was  to  be  expected,  the  greatly 
superior  mode.  Several  other  impressions  were  afterwards 
made  from  figures  on  coated  metallic  plates,  some  of  which 
were  shown  attached  to  Mr.  Ronalds' s  report  to  the  meeting 
at  York.  The  sharpness  and  delicacy  of  the  positive  impres- 
sions thus  obtained  gave  rise  to  some  experiments,  made  by 
us  conjointly,  for  the  purpose  of  applying  the  photographic 
camera  to  the  registration  of  Volta's  electrometer,  the  ther- 
mometer, and  the  siphon  barometer.  The  projection  of  sha- 
dows on  photographic  paper,  which,  by  the  way,  had  been 
already  proposed  and  tried  by  several  persons,  was  at  once 
objected  to  by  Mr.  Ronalds,  whose  knowledge  of  the  delicacy 
required  in  observing  and  registering  the  various  instruments 
at  the  Observatory,  made  him  fully  aware  of  the  necessity  of 
obtaining  as  perfect  definition  as  the  best  optical  arrange- 
ment would  produce;  an  excellent  compound  lens,  made  and 
kindly  lent  to  us  by  Mr.  Ross,  was  therefore  used,  and  has 
been  employed  on  each  of  the  instruments,  i.  c.  the  electro- 

*  Communicated  by  the  Author. 
Phil.  Mag.  S.  3.  Vol.  28.  No.  185.  Feb.  1846.  G 
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meter,  the  barometer,  and  the  thermometer,  and  a  series  of 
experimental  observations  permanently  registered  at  Kew. 

The  accompanying  figure  (Plate  III.  fig.  1)  is  part  of  a 
day's  registration  of  the  effect  of  atmospheric  electricity  on 
Volta's  electrometer ;  the  gradual  decline  of  daylight  is  shown, 
and  also  the  continuation  of  the  registration,  by  artificial 
light;  without  the  use  of  the  latter,  it  is  obvious  that  the  ap- 
plication of  photography  to  these  purposes  would  be  very  in- 
complete, if  not  wholly  useless ;  and  it  may  perhaps,  in  some 
cases,  be  advisable  to  make  its  use  constant. 

The  various  intensities  of  light  from  a  clouded  sky  frequently 
give  rise  (of  course)  to  variations  in  depth  of  tint  on  the  paper, 
which  thus  becomes  an  approximation  to  Sir  John  Herschel's 
actinograph ;  and-it  may  be  here  worth  while  to  remark,  that 
sometimes,  when  with  such  a  sky  these  intensities  of  action  on 
the  paper  are  augmented,  the  electricity  of  serene  weather  ma- 
nifests a  tendency  to  increase  also;  this  fact  may  be  compared 
with  the  almost  invariable  tendency  of  the  sun's  light  and  heat, 
in  a  clear  sky,  to  diminish  the  tension  of  those  electrometers 
which  receive  their  charges  by  absorption. 

The  calotype  process  is  that  which  is  used,  being,  of  all 
those  upon  paper,  the  most  sensitive,  which  quality  is  highly 
essential  during  the  use  of  artificial  light;  it  is  very  advan- 
tageously employed  for  these  purposes,  instead  of  the  Da- 
guerreotype, on  account  of  its  cheapness,  and  also  on  account 
of  the  facility  with  which  representations  can  be  obtained  of 
any  required  length. 

In  the  apparatus  at  present  constructed,  the  paper  is  moved 
by  a  clock  at  the  rate  of  one  inch  per  hour,  and  is  cut  into 
pieces  nine  inches  long;  but  for  constant  use  they  should  be 
twelve  inches  long,  so  that  by  the  introduction  of  two  pieces 
during  twenty-four  hours,  a  continuous  register  of  the  effects 
would  be  preserved  without  further  attention  than  the  appli- 
cation of  the  artificial  light  (if  not  used  constantly)  at  the  de- 
cline of  daylight;  at  present  an  Argand  lamp  is  used,  which, 
of  course,  requires  some  attention,  but  where  available,  a 
common  gas-light  would  be  greatly  preferable;  this  however 
is  not  the  case  at  the  Kew  Observatory,  and  for  this  reason 
only,  the  experiments  have  not  been  continued  during  the 
night. 

The  construction  of  the  apparatus  is  very  simple,  although 
many  tedious  experiments  have  been  made  to  produce  the  re- 
sult; it  consists  essentially  of  the  following  arrangement: — 
The  instrument  to  be  registered  is  placed  so  as  to  be  between 
the  light  and  a  lens  of  considerable  aperture,  with  very  short 
focus,  and  flat  field  of  sufficient  extent  for  the  purpose ;  and 


Mr.  H.  Collen  on  the  Application  of  Photography.      75 

the  paper  is  placed  so  as  to  be  in  the  exact  focus  for  obtaining 
an  image  of  the  same  size  as,  or  larger  than,  the  object. 
When  the  electrometer  is  the  instrument  to  be  registered,  the 
figures  of  the  extreme  ends  only  of  the  straws  are  allowed  to 
fall  upon  the  paper,  an  opake  diaphragm  pierced  with  a  slit, 
the  curve  of  which  is  part  of  a  circle  of  which  the  length  of 
the  straws  is  the  radius,  being  placed  very  near  the  paper. 

In  the  registration  of  the  thermometer  or  barometer,  the 
difficulty  arising  from  the  refraction  of  light  by  the  glass  tube 
was  proposed  to  be  met  in  two  ways,  the  first  of  which,  the 
one  adopted,  consists  in  the  use  of  a  diaphragm  with  a  straight 
slit,  which  can  be  opened  from,  or  contracted  towards,  its  exact 
centre  by  a  very  simple  arrangement,  and  is  placed  in  front  of 
the  mercury,  i.  e.  on  the  side  next  to  the  light,  so  as  to  regu- 
late the  quantity  admitted;  this  regulation  has  also  the  effect 
of  preserving  the  necessary  sharpness  of  figure,  which  too 
much  light  tends  to  injure. 

The  second  method  proposed,  which  has  not  yet  been  tried, 
consists  in  the  employment  of  a  piece  of  glass  tube,  the  bore 
of  which  is  a  trifle  larger  than  the  outside  of  the  tube  of  the 
instrument;  this,  having  two  opposite  surfaces  ground  flat  and 
polished,  and  being  long  enough  to  include  the  range  of  va- 
riation, is  cemented  on  to  the  tube  of  the  instrument  with  Ca- 
nada balsam,  and  would  render  it  easy  (by  making  all  but  a 
central  slit  opake)  to  get  rid  of  the  partial  illumination  of  the 
column  of  mercury  on  the  side  which  is  required,  for  a  good 
impression  on  the  paper,  to  be  quite  dark. 

The  surface  of  the  mercury  in  the  barometer  sustains  a 
blackened  pith- ball  of  the  same  diameter  as  the  bore  of  the 
tube,  but  freely  sliding  therein;  it  is  proposed  however  to 
make  a  float  of  platinum  foil  with  a  sharp  edge,  which  will 
probably  be  found  to  be  more  advantageous. 

The  thermometer  used  is  mercurial,  with  a  broad  flat  bore. 

The  wet- bulb,  hair  hygrometer,  &c,  as  well  as  every  other 
instrument  which  by  its  action  affords  a  distinct  sign,  may 
obviously  be  registered  in  the  same  manner. 

Several  minor  points  of  difficulty  remain  still  to  be  over- 
come, but  it  is  hoped  that  enough  has  been  done  to  justify  the 
expectation  that  the  photographic  camera  may  become  a  really 
useful  and  convenient  instrument  in  the  hands  of  the  exact 
meteorologist. 

The  electrical  experiments  were  made  by  means  of  a  small 
conductor,  insulated  for  the  occasion ;  Mr.  Ronalds  not  feeling 
either  authorised,  or  disposed,  to  interrupt  the  course  of  obser- 
vations carried  on  by  means  of  the  ordinary  high  conductor, 
until  the  proposed  mode  of  registration  is  quite  matured. 

G2 
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XVII.  On  Fresnel's  Theory  of  the  Aberration  of  Light.  By 
G.  G.  Stokes,  M.A.t  Fellow  of  Pembroke  College,  Cam- 
bridge*. 

^^HE  theory  of  the  aberration  of  light,  and  of  the  absence 
of  any  influence  of  the  motion  of  the  earth  on  the  laws 
of  refraction,  &c,  given  by  Fresnel  in  the  ninth  volume  of  the 
Annales  de  Chimie,  p.  57,  is  really  very  remarkable.  If  we 
suppose  the  diminished  velocity  of  propagation  of  light  within 
refracting  media  to  arise  solely  from  the  greater  density  of  the 
aether  within  them,  the  elastic  force  being  the  same  as  without, 
the  density  which  it  is  necessary  to  suppose  the  aether  within 
a  medium  of  refractive  index  jx.  to  have  is  ju.2,  the  density  in 
vacuum  being  taken  for  unity.  Fresnel  supposes  that  the 
earth  passes  through  the  aether  without  disturbing  it,  the 
aether  penetrating  the  earth  quite  freely.  He  supposes  that  a 
refracting  medium  moving-  with  the  earth  carries  with  it  a 
quantity  of  aether,  of  density  pr — 1-,  which  constitutes  the  ex- 
cess of  density  of  the  aether  within  it  over  the  density  of  the 
aether  in  vacuum.  He  supposes  that  light  is  propagated 
through  this  aether,  of  which  part  is  moving  with  the  earth, 
and  part  is  at  rest  in  space,  as  it  would  be  if  the  whole  were 
moving  with  the  velocity  of  the  centre  of  gravity  of  any  por- 
tion of  it,  that  is,  with  a  velocity  (  1 %  )v,  v  being  the  velo- 
city of^he  earth.  It  may  be  observed  however  that  the  result 
would  be  the  same  if  we  supposed  the  whole  of  the  aether 
within  the  earth  to  move  together,  the  aether  entering  the 
earth  in  front,  and  being  immediately  condensed,  and  issuing 
from  it  behind,  where  it  is  immediately  rarefied,  undergoing 
likewise  sudden  condensation  or  rarefaction  in  passing  from 
one  refracting  medium  to  another.  On  this  supposition,  the 
evident  condition  that  a  mass  v  of  the  aether  must  pass  in 
a  unit  of  time  across  a  plane  of  area  unity,  drawn  anywhere 
within  the  earth  in  a  direction  perpendicular  to  that  of  the 

earth's  motion,  gives  (  1 ^  )  v  f°r  l'ie  velocity  of  the  aether 

within  a  refracting  medium.  As  this  idea  is  rather  simpler 
than  Fresnel's,  I  shall  adopt  it  in  considering  his  theory. 
Also,  instead  of  considering  the  earth  as  in  motion  and  the 
aether  outside  it  as  at  rest,  it  will  be  simpler  to  conceive  a  ve- 
locity equal  and  opposite  to  that  of  the  earth  impressed  both 
on  the  earth  and  on  the  aether.  On  this  supposition  the  earth 
will  be  at  rest;  the  aether  outside  it  will  be  moving  with  a  ve- 
locity v,  and  the  aether  in  a  refracting  medium  with  a  velocity 

*  Communicated  by  the  Author. 
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-tt.  in  a  direction  contrary  to  that  of  the  earth's  real  motion. 

P 

On  account  of  the  smallness  of  the  coefficient  of  aberration, 

we  may  also  neglect  the  square  of  the.  ratio  of  the  earth's  ve- 
locity to  that  of  light ;  and  if  we  resolve  the  earth's  velocity  in 
different  directions,  we  may  consider  the  effect  of  each  resolved 
part  separately. 

In  the  nintfi  volume  of  the  Comptes  Rendus  of  the  Academy 
of  Sciences,  p.  774,  there  is  a  short  notice  of  a  memoir  by  M. 
Babinet,  giving  an  account  of  an  experiment  which  seemed  to 
present  a  difficulty  in  its  explanation.  M.  Babinet  found  that 
when  two  pieces  of  glass  of  equal  thickness  were  placed  across 
two  streams  of  light  which  interfered  and  exhibited  fringes,  in 
such  a  manner  that  one  piece  was  traversed  by  the  light  in  the 
direction  of  the  earth's  motion,  and  the  other  in  the  contrary 
direction,  the  fringes  were  not  in  the  least  displaced.  This 
result,  as  M.  Babinet  asserts,  is  contrary  to  the  theory  of  aber- 
ration contained  in  a  memoir  read  by  him  before  the  Aca- 
demy in  1829,  as  well  as  to  the  other  received  theories  on  the 
subject.  I  have  not  been  able  to  meet  with  this  memoir,  but 
it  is  easy  to  show  that  the  result  of  M.  Babinet's  experiment 
is  in  perfect  accordance  with  Fresnel's  theory. 

Let  T  be  the  thickness  of  one  of  the  glass  plates,  V  the  ve- 
locity of  propagation  of  light  in  vacuum,  supposing  the  aether 

at  rest.    Then  —  would  be  the  velocity  with  which  light  would 

P 
traverse  the  glass  if  the  aether  were  at  rest ;  but  the  aether 

v 
moving  with  a  velocity  —#  the  light  traverses  the  glass  with  a 
P 

V       v 
velocity  —  +  — ,  and  therefore  in  a  time 

But  if  the  glass  were  away,  the  light,  travelling  with  a  velo- 
city V  +  v,  would  pass  over  the  space  T  in  the  time 


T  +  (V±v)  =  ±(l+%). 


T 

Hence  the  retardation,  expressed  in  time,  =((/.—  1 )  ^,  the 

same  as  if  the  earth  were  at  rest.  But  in  this  case  no  effect 
would  be  produced  on  the  fringes,  and  therefore  none  will  be 
produced  in  the  actual  case. 

I  shall  now  show  that,  according  to  Fresnel's  theory,  the 
laws  of  reflexion  and  refraction  in  singly  refracting  media  are 
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uninfluenced  by  the  motion  of  the  earth.  The  method  which  I 
employ  will,  I  hope,  be  found  simpler  than  Fresnel's ;  besides 
it  applies  easily  to  the  most  general  case.  Fresnel  has  not 
given  the  calculation  for  reflexion,  but  has  merely  stated  the 
result;  and  with  respect  to  refraction,  he  has  only  considered 
the  case  in  which  the  course  of  the  light  within  the  refracting 
medium  is  in  the  direction  of  the  earth's  motion.  This  might 
still  leave  some  doubt  on  the  mind,  as  to  whether  the  result 
would  be  the  same  in  the  most  general  case. 

If  the  aether  were  at  rest,  the  direction  of  light  would  be 
that  of  a  normal  to  the  surfaces  of  the  waves.  When  the 
motion  of  the  aether  is  considered,  it  is  most  convenient  to  de- 
fine the  direction  of  light  to  be  that  of  the  line  along  which 
the  same  portion  of  a  wave  moves  relatively  to  the  earth.  For 
this  is  in  all  cases  the  direction  which  is  ultimately  observed 
with  a  telescope  furnished  with  cross  wires.  Hence,  if  A  is 
any  point  in  a  wave  of  light,  and  if  we  draw  A  B  normal  to 

the  wave,  and  proportional  to  V  or  — ,  according  as  the  light 

is  passing  through  vacuum  or  through  a  refracting  medium, 
and  if  we  draw  B  C  in  the  direction  of  the  motion  of  the  aether, 

and  proportional  to  v  or  -|,  and  join  A  C,  this  line  will  give 

the  direction  of  the  ray.  Of  course,  we  might  equally  have 
drawn  A  D  equal  and  parallel  to  B  C  and  in  the  opposite  di- 
rection, when  D  B  would  have  given  the  direction  of  the  ray. 
Let  a  plane  P  be  drawn  perpendicular  to  the  reflecting  or 
refracting  surface  and  to  the  waves  of  incident  light,  which  in 
this  investigation  may  be  supposed  plane.  Let  the  velocity  v 
of  the  aether  in  vacuum  be  resolved  into  p  perpendicular  to 
the  plane  P,  and  q  in  that  plane;  then  the  resolved  parts  of 

v 
the  velocity  —^  of  the  aether  within  a  refracting  medium  will 

r 

be  ^,  -^.     Let  us  first  consider  the  effect  of  the  velocity  p. 

It  is  easy  to  see  that,  as  far  as  regards  this  resolved  part  of 
the  velocity  of  the  .ether,  the  directions  of  the  refracted  and 
reflected  waves  will  be  the  same  as  if  the  aether  were  at  rest. 
Let  BAC  (fig.  I)  be  the  intersection  of  the  refracting  surface 
and  the  plane  P;  D  A  E  a  normal  to  the  refracting  surface; 
AF,  AG,  AH  normals  to  the  incident,  reflected  and  refracted 
waves.  Hence  A  F,  A  G,  A  H  will  be  in  the  plane  P,  and 
Z  GAD  =  FAD,  ^sinHAE=sinFAD. 

Take  AG  =  AF,     A  H  =  —  A  F. 
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Draw  Gg,  Hh  perpendicular  to  the  plane  P,  and  in  the  di- 
rection of  the  resolved  part  p  of  the  velocity  of  the  aether,  and 

Fig.  1. 


F/in  the  opposite  direction 

F/:H/cFA 


V 


and  join  A  with  /,  g  and  h.  ThenyA,  Ag,  Ah  will  be  the 
directions  of  the  incident,  reflected  and  refracted  rays.  Draw 
F  D,  H  E  perpendicular  to  D  E,  and  join  fD,  h  E.  Then 
f  D  F,  h  E  H  will  be  the  inclinations  of  the  planes  f  A  D, 
h  A  E  to  the  plane  P.     Now 


V 


tan  H  E  h  = 


¥>~*V 


tan  FD/_  Vsin  F  AD»   -»  "  *-»  t  fr-i  Vsin  HAE' 

and  sin  FAD  =  !«,  sin  HAE;  therefore  tanFD/=  tanHE^, 
and  therefore  the  refracted  ray  A  h  lies  in  the  plane  of  inci- 
denceyA  D.  It  is  easy  to  see  that  the  same  is  true  of  the  re- 
flected ray  Ag.  Also  Z  g AD  =fAD;  and  the  angles 
f  A  D,  h  A  E  are  sensibly  equal  to  F  A  D,  H  A  E  respectively, 
and  we  therefore  have  without  sensible  error,  sinyA  D 
=  jtx.  sin  h  A  E.  Hence  the  laws  of  reflexion  and  refraction 
are  not  sensibly  affected  by  the  velocity  p. 

Let  us  now  consider  the  effect  of  the  velocity  q.  As  far  as 
depends  on  this  velocity,  the  incident,  reflected  and  refracted 
rays  will  all  be  in  the  plane  P.  Let  A  H,  A  K,  A  L  be  the  in- 
tersections of  the  plane  P  with  the  incident,  reflected  and  re- 
fracted waves.  Let  \J/,  fyp  \J/'  be  the  inclinations  of  these  waves 
to  the  refracting  surface;  let  N  A  be  the  direction  of  the  re- 
solved part  q  of  the  velocity  of  the  aether,  and  let  the  angle 
NAC  =  «. 

The  resolved  part  of  q  in  a  direction  perpendicular  to  A  H 
is  <7sin  (\J/  +  a).  Hence  the  wave  A  H  travels  with  the  velo- 
city V  +  (/sin  (\\>  4  a);  and  consequently  the  line  of  its  inter- 


80  Mr.  G.  G.  Stokes  on  Fresnel's 

section  with  the  refracting  surface  travels  along  A  B  with  the 

Fig.  2. 


velocity  cosec  \J>  {  V  +  q  sin  (\J/  +  a) } .     Observing  that  \  is  the 

.  .  V 

velocity  of  the  aether  within  the  refracting  medium,  and  — 

the  velocity  of  propagation  of  light,  we  shall  find  in  a  similar 
manner  that  the  lines  of  intersection  of  the  refracting  surface 
with  the  reflected  and  refracted  waves  travel  along  A  B  with 
velocities 

cosec  vl>;{V  +  <7  sin  (ty—  «)},    cosec  \I/  J h  -^sin  (vj/  +  a) 

[_  f*       r"  J 

But  since  the  incident,  reflected  and  refracted  waves  intersect 
the  refracting  surface  in  the  same  line,  we  must  have 

sin4//{V-f-<7sin(\J/  +  a)}  =  sin^V  +  ^sin^— «)}}"j 

ftsin4/{V  +  ?sin(rJ/  +  a)}  =  sinf  jv  +  ^sin(4/  +  «)j.  f    (A) 

Draw  H  S  perpendicular  to  A  H,  ST  parallel  to  N  A,  take 
S  T :  H  S  : :  q :  V,  and  join  H  T.  Then  H  T  is  the  direc- 
tion of  the  incident  ray  ;  and  denoting  the  angles  of  incidence, 
reflexion  and  refraction  by  <p,  <pp  <p',  we  have 

<p  —  vj;  =  S  H  T  =  — ^-fj —  =  yrX  resolved  part  of  q  along 

AH 

=  ^-  cos  (4/  -f  a) .    Similarly, 

<p,-^=  % cos M-  *)»    <$ - V  =  ffi cos (^  +  a) : 

whence         sin  \J/  =  sin  <p  — y  cos  <p  cos  (<p  +  a), 
sin  ty,  =  sin  <p,  -  y  cos  <pt  cos(f ,  -  «), 
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sin  \t>'  =  sin  <p' 4?  cos  <P' cos  (<?'  +  a)- 

On  substituting  these  values  in  equations  (A),  and  observing 
that  in  the  terms  multiplied  by  q  we  may  put  <p,  =  <p,  jw.  sin  <p' 
=  sin  <p,  the  small  terms  destroy  each  other,  and  we  have 
sin  <pt  —  sin  <p,  jw,  sin  <p'  =  sin  <p .  Hence  the  laws  of  reflexion 
and  refraction  at  the  surface  of  a  refracting  medium  will  not 
be  affected  by  the  motion  of  the  aether. 

In  the  preceding  investigation  it  has  been  supposed  that 
the  refraction  is  out  of  vacuum  into  a  refracting  medium. 
But  the  result  is  the  same  in  the  general  case  of  refraction  out 
of  one  medium  into  another,  and  reflexion  at  the  common 
surface.     For  all  the  preceding  reasoning  applies  to  this  case 

if  we  merely  substitute  -^,  -~-2  for  p,  q,  —  for  V,  and  ~  for  p, 

p!  being  the  refractive  index  of  the  first  medium.  Of  course 
refraction  out  of  a  medium  into  vacuum  is  included  as  a  par- 
ticular case. 

It  follows  from  the  theory  just  explained,  that  the  light 
coming  from  any  star  will  behave  in  all  cases  of  reflexion  and 
ordinary  refraction  precisely  as  it  would  if  the  star  were  situ- 
ated in  the  place  which  it  appears  to  occupy  in  consequence 
of  aberration,  and  the  earth  were  at  rest.  It  is,  of  course, 
immaterial  whether  the  star  is  observed  with  an  ordinary  tele- 
scope, or  with  a  telescope  having  its  tube  filled  with  fluid.  It 
follows  also  that  terrestrial  objects  are  referred  to  their  true 
places.  All  these  results  would  follow  immediately  from  the 
theory  of  aberration  which  I  proposed  in  the  July  number  of 
this  Magazine  ;  nor  have  I  been  able  to  obtain  any  result,  ad- 
mitting of  being  compared  with  experiment,  which  would  be 
different  according  to  which  theory  we  adopted.  This  affords 
a  curious  instance  of  two  totally  different  theories  running  par- 
allel to  each  other  in  the  explanation  of  phaenomena.  I  do 
not  suppose  that  many  would  be  disposed  to  maintain  Fres- 
nel's  theory,  when  it  is  shown  that  it  may  be  dispensed  with, 
inasmuch  as  we  would  not  be  disposed  to  believe,  without 
good  evidence,  that  the  aether  moved  quite  freely  through  the 
solid  mass  of  the  earth.  Still  it  would  have  been  satisfactory, 
if  it  had  been  possible,  to  have  put  the  two  theories  to  the  test 
of  some  decisive  experiment. 
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XVIII.  Observations  on  the  Development  and  Growth  of  the 
Epidermis.  By  Erasmus  Wilson,  F.R.S.,  Lecturer  on 
Anatomy  and  Physiology  in  the  Middlesex  Hospital* . 

FT  is  the  commonly  received  doctrine  at  the  present  day,  that 
the  cells  of  the  epidermis  and  of  epithelium  in  general, 
originate  out  of  materials  furnished  by  the  liquor  sanguinis  or 
plasma  of  the  blood.  In  order  that  this  purpose  may  be  ef- 
fected, the  liquor  sanguinis  is  conveyed  by  endosmosis  through 
the  walls  of  the  capillary  vessels  and  through  the  peripheral 
boundary  of  the  surface,  the  "  basement  membrane  "  of  Bow- 
man. Having  reached  the  exterior  plane  of  the  latter,  the 
changes  commence  which  result  in  the  development  of  gra- 
nules in  the  previously  fluid  liquor  sanguinis,  or  rather, 
perhaps,  in  the  aggregation  of  the  molecules  of  the  organi- 
sable  material  or  blastema,  which  was  previously  held  in  inti- 
mate suspension  or  solution  by  the  liquor  sanguinis.  Out  of 
the  body  an  action  of  this  kind  would  be  termed  coagulation, 
and  where  inorganic  matter  is  concerned,  crystallization.  The 
process  to  which  I  am  now  referring,  though  taking  place 
within  the  body,  is  analogous  to  these  phaenomena,  with  the 
difference  of  being  controlled  and  directed  by  the  power  of 
life,  of  being,  in  point  of  fact,  a  vital  coagulation  or  crystal- 
lization. Indeed,  coagulation,  although  occurring  out  of  the 
body,  and  sometimes  after  the  lapse  of  a  considerable  period, 
may  be  regarded  as  the  last  act  of  vital  existence,  or  as  a  vestige 
of  the  atmosphere  of  life  with  which  the  coagulating  fluid  was 
previously  charged  in  abundance. 

As  regards  the  tissue  under  consideration,  there  is  every 
ground  for  belief,  that  the  organisable  material  or  blastema  of 
the  liquor  sanguinis  is  appropriated  by  the  epidermis  the  very 
instant  it  reaches  the  exterior  plane  of  the  "  basement  mem- 
brane;" some  portion  of  it,  and  the  greater  part  of  the  serum 
of  the  liquor  sanguinis,  being  taken  up  by  the  newly-formed 
cells  to  be  transmitted  in  succession  to  more  superficial  ranges 
of  cells,  and  the  remaining  portion  being  converted  on  the 
spot  into  the  primitive  granules  of  the  tissue.  This  belief  is 
supported  by  the  fact  of  the  absence  of  any  fluid  stratum  be- 
tween the  epidermis  and  the  dermis,  and  by  the  close  con- 
nexion known  to  subsist  between  those  two  membranes.  It 
is  well  known  that  to  separate  the  epidermis  from  the  dermis, 
until  the  former  is  so  thoroughly  saturated  with  fluid  by  ma- 
ceration as  to  have  acquired  a  considerable  addition  to  its  di- 
mensions in  all  directions,  or  until  decomposition  has  com- 

*  Read  before  the  Royal  Society,  June  19,  1845,  and  communicated  by 
the  Author. 
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menced,  is  next  to  impossible;  and  in  the  living  state  of  the 
body,  separation  never  takes  place  until  the  mutual  connexion 
between  the  layers  has  been  destroyed  by  the  effusion  of  fluid. 
The  microscope  gives  additional  weight  to  this  evidence.  I 
have  observed  that  the  cells  of  the  deep  surface  of  the  epider- 
mis are  in  immediate  contact  with  the  boundary  limit  of  the 
dermis,  and  that  moreover  it  is  frequently  difficult  to  deter- 
mine the  exact  line  between  them.  I  have  also  made  the  fol- 
lowing experiment : — I  cut  very  thin  vertical  slices  of  the  skin, 
at  daily  periods,  from  the  moment  of  death  until  decomposition 
had  become  established,  and  submitted  them  to  the  action  of 
the  compressor  on  the  field  of  the  microscope,  but  in  every 
instance,  while  fresh,  the  two  tissues  yielded  to  the  pressure 
in  equal  proportion  without  any  separation  occurring.  As 
soon,  however,  as  decomposition  had  commenced,  separation 
was  produced,  and  in  the  early  stages  took  place  with  diffi- 
culty. This  experiment  proves  that  the  firm  adhesion  sub- 
sisting between  the  epidermis  and  dermis  is  not  alone  due  to 
the  numerous  inflexions  of  the  former  into  the  latter,  which 
take  place  at  the  sudoriferous  tubes,  hair,  tubes,  and  sebaceous 
ducts,  although  these  inflexions  must  co-operate  powerfully  in 
the  result. 

Being  desirous  of  examining  the  under  surface  of  the  epi- 
dermis with  the  higher  powers  of  the  microscope,  and  failing 
in  all  my  attempts  to  effect  this  object  by  taking  the  entire 
thickness  of  the  epidermis  or  scraping,  I  awaited  the  first  in- 
dication of  its  separation  from  the  dermis,  and  then  removing 
it  carefully  made  a  thin  slice  parallel  with  the  surface  which  I 
wished  to  examine.  This  plan  succeeded  beyond  my  expec- 
tations ;  for  not  only  did  I  obtain  parts  so  diaphanous  as  to 
enable  me  to  see  the  surface  distinctly,  but  the  septa  between 
the  depressions  for  the  papillae  of  the  dermis  afforded  natural 
laminae  of  such  transparency  as  permitted  their  structure  to 
be  well  examined. 

When  the  under  surface  of  the  epidermis  was  exposed  to 
view,  I  found  it  to  be  composed  of  four  kinds  of  elements,  ar- 
ranged in  such  a  manner  as  to  constitute  an  irregular  mosaic 
plane.  These  elements  are, — 1,  granules,  measuring  about 
2^nytli  of  an  inch  in  diameter;  2,  aggregated  granules,  mea- 
suring about  y^^th ;  3,  nucleated  granules,  measuring  ^^th 

to  ^ouo1'1'  4>  ce^s»  measuring  rGTTB&  to  2jootn  °^ an  mch. 

1.  The  granules,  which  I  may  distinguish  by  the  name  of 
primitive  granules,  are  globular  in  form,  homogeneous,  solid, 
brightly  illumined  by  transmitted  light  when  the  centre  is 
under  the  focus  of  the  microscope,  but  dark  when  viewed  upon 
the  surface,  the  darkness  being  increased  whenever  they  are 
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congregated  in  clusters.     These  granules  I  conceive  to  be  the 
first  organic  shape  of  the  blastema  of  the  liquor  sanguinis. 

2.  The  aggregated  grannies,  measuring  about  yotW  o*n  °f 
an  inch  in  diameter,  are  minute  masses,  composed  of  four,  five 
or  six  of  the  preceding,  or  as  many  as  can  be  aggregated  with- 
out leaving  an  unoccupied  space  in  the  centre  of  the  mass. 
With  an  imperfect  focus,  these  granules  have  the  appearance 
of  possessing  a  transparent  globular  nucleus,  but  this  appear- 
ance ceases  when  the  focus  is  perfect,  and  then  the  compo- 
nent granules  are  quite  obvious,  and  the  centre  becomes  a 
dark  point,  namely,  the  shadow  caused  by  the  meeting  of  the 
primitive  granules. 

3.  The  nucleated  granules,  measuring  between  ^y— th  and 
Wootn  °f  an  mcn  m  diameter,  are  in  point  of  construction  an 
" aggregated  granule"  with  a  single  tier  of  " aggregated  gra- 
nules" arranged  around  it,  so  as  to  give  the  entire  mass  a  cir- 
cular or  oval  form.  The  central  aggregated  granule  has  now 
become  a  nucleus,  and  at  the  same  time  has  undergone  other 
changes  which  indicate  its  longer  existence.  For  example, 
the  primitive  granules  composing  it  are  denser  than  they  were 
originally,  and  they  are  separated  from  each  other  by  a  very 
distinct  interstitial  space  filled  with  a  transparent  and  homo- 
geneous matter.  Sometimes  this  interstitial  substance  presses 
the  granules  asunder  equally  on  all  sides,  constituting  a  cir- 
cular nucleus;  but  more  frequently  two  opposite  granules  are 
more  widely  separated  than  the  rest,  and  the  nucleus  receives 
an  elongated  form.  The  interstitial  substance  is  most  con- 
spicuous at  the  line  of  junction  of  the  nucleus  with  the  secon- 
dary tier  of  "  aggregated  granules,"  and  in  this  situation 
gives  a  defined  character  to  the  nucleus.  Close  observation 
and  a  perfect  focus  render  it  quite  obvious  that  the  peripheral 
tier  of  granules  are  in  reality  aggregated,  they  are  lighter  than 
the  shaded  granules  of  the  nucleus,  and  apparently  softer  in 
texture. 

The  nucleated  granules  are  more  or  less  flattened  in  form, 
and  present  a  flat  surface  of  contact  with  the  dermis.  It  is 
the  latter  circumstance  that  gives  the  facility  of  determining 
their  mode  of  construction. 

4.  The  cells  of  the  deep  stratum  of  the  epidermis,  measu- 
ring 3 o\y otn  to  2  j1ootn  °f  an  mcn  ni  tneu>  l°ng  diameter,  are 
the  most  striking  feature  of  this  layer,  and  may  be  said  to  be 
its  chief  constituent.  They  originate,  as  is  evident  from  their 
structure,  in  the  nucleated  granules  previously  described,  and 
consist  of  a  transparent  layer  added  to  the  exterior  of  the 
former;  or,  if  1  might  be  permitted  to  describe  them  as  they 
appear  in  their  tesselated  position,  they  are  constituted  by  the 
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addition  of  a  transparent  border  to  the  last-described  nucle- 
ated granule.  The  periphery  of  this  transparent  border  is 
bounded  by  a  dark  interstitial  substance,  which  gives  the  bor- 
der a  defined  outline ;  and  in  the  latter  situation  I  imagine  a 
cell-membrane  to  exist.  I  am  not  satisfied,  however,  that 
this  is  the  case;  and  the  difficulty  of  isolating  these  cells,  and 
their  roughness  of  outline  when  separated,  serve  to  prove  that 
if  a  membrane  be  really  present,  it  must  be  exceedingly  thin 
and  easily  torn.  Assuming  therefore,  from  analogy  rather 
than  from  demonstrative  evidence,  that  there  exists  a  boun- 
dary membrane  to  the  bodies  I  am  now  describing,  I  have 
termed  them  "  cells ;  "  the  cavity  of  the  cell  I  apprehend  to 
be  the  "transparent  border,"  the  "nucleated  granule"  is  the 
nucleus  of  the  cell,  the  "aggregated  granule"  of  the  latter 
the  nucleolus,  and  the  entire  body  a  "nucleolo-nucleated 
cell." 

Before  quitting  the  structure  of  the  "nucleolo-nucleated 
cell,"  or  primitive  cell  of  the  epidermis,  there  is  a  point  of 
much  interest  to  be  mentioned  with  regard  to  it,  which  is,  that 
the  "transparent  border"  just  described  is  itself  a  tier  of 
"aggregated  granules."  The  nucleolus  therefore  is  an  "ag- 
gregated granule,"  the  nucleus  a  tier  (taking  its  flat  surface) 
of  "aggregated  granules"  surrounding  the  former,  and  the 
cell  a  tier  of  "  aggregated  granules  "  enclosing  the  whole. 

To  return  to  the  mosaic-like  plane  of  the  under  surface  of 
the  epidermis,  the  largest  of  the  pieces  composing  this  plane 
are  the  nucleolo-nucleated  cells.  These  are  placed  without 
order,  some  being  closely  pressed  together,  others  being  se- 
parated by  moderate  intervals,  and  here  and  there  some  sepa- 
rated by  interspaces  equal  to  the  breadth  of  the  cells.  The 
interspaces,  or  intercellular  spaces,  are  occupied  by  the  "nu- 
cleated granules,"  "aggregated  granules,"  and  "primitive 
granules,"  irregularly  set  in  a  homogeneous  interstitial  sub- 
stance, which  fills  up  all  vacuities.  The  granules  and  inter- 
stitial substance  modify  the  light  transmitted  through  them 
variously  at  different  foci  of  the  microscope ;  sometimes  the 
granules  look  dark  while  the  interstitial  substance  is  light,  and 
sometimes  the  reverse  is  the  case. 

Such  is  the  structure  of  the  mosaic-like  plane  of  the  under 
surface  of  the  epidermis,  and  so  far,  my  observations,  having 
reference  to  facts,  are  demonstrable  and  admit  of  being  spoken 
to  positively.  The  interpretation  of  the  facts  I  would  willingly 
leave  to  others,  but  feel  that  I  am  called  upon  to  state  any 
opinion,  founded  on  the  above  observations,  that  1  may  have 
formed  of  the  signification  of  these  appearances.  In  the  first 
place,  then,  I  must  acknowledge  myself  wholly  divided  between 
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a  belief  in  the  formation  of  the  "  aggregated  granule  "  by  the 
aggregation  of  primitive  granules,  the  idea  which  prompted 
me  to  give  them  that  name,  and  the  formation  of  the  aggre- 
gated granule  by  the  cleavage  of  a  primitive  granule.  If  this 
question  related  merely  to  the  formation  of  the  "  primary  ag- 
gregated granule,"  it  would  be  unimportant,  but  it  has  a  more 
extended  application.  The  outermost  layer  of  the  nucleus  is 
composed,  as  I  have  shown,  of  "aggregated  granules,"  and 
so  also  is  that  layer  which  alone  forms  the  space  in  the  nu- 
cleolo-nucleated  cells.  To  them  the  hypothesis  of  cleavage  of 
a  simple  granule  would  be  most  suitable,  and  this  theory 
would  explain  better  than  any  other,  changes  which  remain  to 
be  described  in  the  further  growth  of  the  epidermic  cell.  In 
the  second  place,  the  relation  of  cell  and  nucleus  is  a  question 
on  which  I  feel  considerable  doubt.  The  process  of  develop- 
ment appears  to  consist  in  the  successive  production  of  gra- 
nules, one  layer  of  granules  succeeding  another,  so  that  if  the 
organisable  principle  exist  in  each  separate  granule,  the  or- 
ganisable  force  may  be  supposed  to  be  more  and  more  weak- 
ened in  successive  formations,  until  the  moment  arrives  when 
it  ceases  entirely.  Is  that  which  I  have  described  as  a  nu- 
cleolo-nucleated  cell  really  a  cell  or  still  a  nucleus?  The  only 
solution  of  the  question  that  occurs  to  me  is,  determining  the 
presence  of  a  cell-membrane,  in  which  I  have  not  satisfactorily 
succeeded. 

Admitting  the  nucleolo-nucleated  bodies  now  described  to 
be  cells  in  their  earliest  state  of  formation,  their  size  is  smooth 
to  2jootn  °f  an  nicn  m  tne  l°n&  diameter,  and  that  of  their  nu- 
cleus from  77(j\joth  to  ^jyo1'1  of  an  inch.  In  the  stratum  im- 
mediately above  the  deepest  layer,  I  find  cells  measuring 
-^--th  of  an  inch  with  nuclei  of  Tjoyth.  Above  these,  cells 
measuring  Ta\jotn>  with  nuclei  varying  from  ¥IJ^th  to  ^^th, 
and  above  the  latter  cells  measuring  y^^th,  with  nuclei  of 
_Ti__th.  In  following  the  layers  of  the  epidermis  upwards  to 
the  surface,  cells  may  be  observed  possessing  every  interme- 
diate degree  of  size  between  the  last-mentioned  cell,  namely 

1     th  and  ^Anth,  which  is  the  measurement  of  the  scales 

1.5  00  ,  l)UO       '  . 

which  constitute  the  uppermost  stratum  of  the  epidermis.  It 
must  not  be  supposed,  however,  that  the  growth  of  the  epi- 
dermic cells  reaches  its  maximum  only  at  the  surface  :  I  have 
found  cells  of  that  magnitude  in  the  deeper  strata;  and  there 
is  every  indication  of  the  growth  of  these  cells  being  com- 
pleted in  the  stratum  immediately  above  the  mosaic-like 
layer. 

Young  cells  are  remarkable  for  the  large  size  of  the  nucleus 
as  compared  with  the  entire  bulk  of  the  cell;  and  it  is  quite 
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evident  also  that  the  nuclei,  up  to  a  certain  point,  grow  with 
the  cells,  their  mode  of  growth  appearing  to  be,  the  separa- 
tion of  the  original  granules  by  the  deposition  between  them 
of  interstitial  matter;  and  in  addition,  as  I  believe,  by  clea- 
vage of  the  latter  and  the  consequent  multiplication  of  the  gra- 
nules. In  cells  measuring  ^imo10  ant^  Tiiootn  °^  an  mcn>  ' 
found  the  granular  character  of  the  nucleus  to  be  very  mani- 
fest. Besides  growth,  it  is  apparent  that 'other  changes  are 
taking  place  in  the  nucleus  ;  imbibition  and  assimilation  of  or- 
ganisable  material  must  necessarily  be  in  action  in  order  to 
accomplish  the  formation  of  interstitial  matter;  but  in  addi- 
tion to  this  the  central  granules  undergo  another  change,  by 
which  they  are  altered  in  character  and  become  distinguished 
from  the  rest  when  submitted  to  chemical  experiment.  For 
example,  when  dilute  acetic  acid  is  added  to  the  cells  measu- 
ring TTTroTrth  of  an  inch  and  less,  the  entire  nucleus  is  rendered 
transparent  and  less  discernible  than  before;  but  when  cells 
of  a  somewhat  larger  size,  and  consequently  longer  growth, 
are  submitted  to  the  same  process,  the  nucleus  is  rendered 
much  more  distinct  than  it  was  previously.  But  the  body 
which  is  made  so  conspicuous  in  this  latter  experiment  is  not 
the  entire  nucleus,  but  simply  the  central  and  older  granules 
of  the  nucleus  ;  the  younger  granules  retain  the  character  of 
those  of  the  young  cells,  they  are  made  more  transparent  than 
they  were  before,  and  have  faded  from  sight.  I  may  mention 
also,  that  the  nucleus  brought  into  view  by  the  acetic  acid  is 
more  or  less  irregular  in  form,  and  has  the  appearance  of  being 
constituted  by  the  fusion  of  the  original  granules.  How  much 
of  this  appearance  may  be  real  and  how  much  the  effect  of  the 
acid,  I  do  not  pretend  to  say,  and  I  set  no  value  on  the  ex- 
periment beyond  the  demonstration  of  the  mere  fact  which  it 
is  made  to  illustrate. 

I  now  turn  to  the  growth  of  the  cells.  I  have  remarked, 
in  an  earlier  paragraph,  that  the  formation  of  the  young  cell 
appears  to  be  due  to  the  development  of  a  stratum  of  "aggre- 
gated granules"  externally  to  the  nucleated  mass,  which  I 
have  regarded  as  the  cell-nucleus.  Now  nothing  is  more  cer- 
tain than  that  the  growth  of  the  cell  is  due  to  a  successive  re- 
petition of  this  process,  the  growth  of  the  cell-membrane  being 
consentaneous  with  the  development  and  growth  of  "  aggre- 
gated granules"  within  it.  In  cells  of  TTj\njtn  ^tjVo10  OT>an 
inch,  the  "aggregated  granules"  of  the  periphery  are  not 
easily  discernible;  but  in  cells  measuring  y^^th,  and  thence 
upwards  to  the  complete  size  of  the  epidermic  cell,  the  fact  is 
quite  evident,  and  is  apparent  even  in  the  cell-scale.  Indeed 
a  cell,  at  the  lull  period  of  growth,  is  a  kind  of  cell-microcosm, 
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containing  in  its  interior  secondary  cells,  tertiary  cells,  nu- 
cleolo-nucleated  cells,  nucleated  granules,  aggregated  gra- 
nules, and  primitive  granules. 

It  will  be  observed  that  this  hypothesis  of  cell  growth  differs 
from  that  of  Schwann.  The  theory  of  Schwann  always  ap- 
peared to  me  to  be  incompetent  to  the  explanation  of  the 
growth  of  the  large  scale  of  epidermis  and  epithelium  in  a 
tissue  manifestly  subjected  to  considerable  pressure.  I  sought 
in  vain  for  the  watch-glass  cells,  elliptical  cells,  and  globular 
cells  in  the  epidermis;  but  my  search  has  been  rewarded  by 
the  discovery  of  the  above-described  beautiful  process  of  form- 
ation and  growth.  It  will  be  seen  that,  according  to  this 
view  of  the  growth  of  the  epidermic  cells,  they  never  possess 
anything  approaching  to  a  globular  shape,  that  the  scales  are 
not  flattened  spheres,  but  on  the  contrary  always  possessed  a 
flattened  form,  and  have  increased  by  a  peripheral  growth. 
This  mode  of  growth  again  is  made  manifest  by  the  observa- 
tion of  a  vertical  section  of  the  epidermis.  The  most  careful 
examination  can  distinguish  no  difference  between  the  size  of 
the  deeper  and  the  superficial  strata  of  cells ;  they  have  all  the 
same  average  thickness,  all  the  same  average  length, — an  ap- 
pearance easily  explained  when  we  regard  them  as  parent- 
cells  containing  secondary  and  tertiary  cells  of  the  same  ave- 
rage size  as  the  cells  of  earlier  formation.  It  is  true  that  the 
complete  size  of  a  cell  is  very  quickly  attained,  and  that  its 
growth,  taking  place  in  the  deepest  stratum  of  the  epidermis, 
could  not  be  expected  to  produce  any  difference  of  character 
in  the  middle  and  superficial  strata ;  but  this  is  not  mentioned, 
as  far  as  I  know,  by  Schwann. 

The  process  of  growth  here  described  explains  also  the  fact 
of  the  disappearance  of  the  nucleus  in  the  scales  of  epidermis. 
The  outermost  granules  of  the  nucleus  have  become  the  nuclei 
or  nucleoli  of  secondary  cells,  and  have  consequently  been 
moved  away  from  their  original  position  in  the  performance 
of  their  office  of  centres  of  growth  to  secondary  cells.  The 
original  nucleus,  therefore,  is  not  lost,  but  merely  robbed  of 
some  of  its  component  granules,  which  may  be  discovered  in 
many  parts  of  the  epidermic  scale,  instead  of  being  concen- 
trated in  a  single  mass.  In  these  scales,  and  particularly  in 
epithelial  scales,  the  central  and  dense  part  of  the  original 
nucleus  is  generally  perceptible;  in  the  latter  it  constitutes 
the  scale  nucleus;  and  in  the  epidermic  scale  there  is  always 
some  one  little  mass  larger  than  the  rest,  particularly  if  the 
scale  have  been  for  some  time  immersed  in  fluid,  as  when  it 
is  examined  in  the  serum  of  a  blister.  In  an  epidermic  cell, 
measuring  Q^th  of  an  inch  in  long  diameter,  I  found  several 
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secondary  cells  measuring  tjW&i  otners  measuring  jqVo10  > 
and  in  the  interstices,  primitive  granules,  aggregated  granules, 
and  nucleated  cells. 

My  observations,  it  will  be  seen,  have  been  chiefly  directed 
to  the  epidermis,  and  I  am  prevented  at  present  from  carry- 
ing them  further,  but  I  have  no  doubt  that  the  epithelium  will 
be  found  to  be  identical  in  the  phaenomena  of  development 
and  growth  with  the  epidermis.  I  have  observed  the  same 
structure  in  the  epithelium  of  the  mouth  and  fauces,  and  also 
in  that  of  the  bladder  and  vagina.  Incomplete  epithelial  cells, 
measuring  7jyth  and  y^th  of  an  inch  from  the  fauces,  pre- 
sented a  very  remarkable  appearance;  they  had  a  rounded 
lobulated  border,  evidently  composed  of  a  row  of  secondary 
cells  and  a  depressed  centre,  as  though  the  action  were  sub- 
siding in  the  latter,  while  it  was  progressing  in  the  circumfe- 
rence. 

Another  illustration  of  the  structure  now  described,  I  found 
in  the  cells  of  melanosis,  and  in  the  pigmentary  cells  of  the 
choroid  membrane  of  the  eyeball.  I  am  induced  to  believe 
that  the  same  structure  will  be  discovered  more  extensively 
than  at  present  can  be  anticipated.  The  corpuscles  of  mela- 
nosis, according  to  my  observations,  are  parent-cells,  having 
an  average  admeasurement  of  To\jotn  °*  an  mc^>  containing 
secondary  cells  and  nucleated  and  aggregated  granules,  as 
well  as  separate  primitive  granules.  The  "  aggregated  gra- 
nules" measured  from  TTtJootn  to  ^oVo^1  °f  an  inch,  and  the 
primitive  granules  about  2onoUtn- 

There  is  another  feature  in  the  history  of  development  of 
the  epidermic  cell,  which  I  regard  as  peculiarly  interesting. 
This  relates  to  an  organic  change  taking  place  in  the  assimi- 
lative powers  of  the  primitive  granules,  by  which  the  latter 
are  altered  in  their  colour,  in  short,  are  converted  into  "pig- 
ment granules."  Pigment  granules  appear  to  differ  in  no  re- 
spect from  the  "  primitive  granules,"  excepting  in  that  of  co- 
lour, and  perhaps  also  in  chemical  composition.  They  have 
the  same  globular  form,  the  same  size,  and  occupy  the  same 
position  in  the  cell,  being  always  accumulated  around  the  nu- 
cleus, and  dispersed  less  numerously  through  the  rest  of  the 
cell.  The  nucleus  of  the  cell  in  the  epidermis  of  the  Negro 
appears  to  consist  wholly  of  pigment  granules,  while  in  the 
European  there  is  a  greater  or  less  admixture  of  coloured  and 
uncoloured  granules.  The  central  granules  are  generally 
lighter  in  tint  than  the  rest,  and  give  the  idea  of  a  colourless 
nucleolus,  while  those  around  the  circumference  are  deeper 
coloured.  Besides  a  difference  in  the  depth  of  colour  of  the 
separate  granules  entering  into  the  composition  of  a  single 
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cell,  there  is  also  much  difference  in  the  aggregate  of  the  gra- 
nules composing  particular  cells.  For  example,  intermingled 
with  cells  of  a  dark  hue,  there  are  others  less  deeply  tinted, 
which  give  the  tissue  in  which  they  are  found  a  mottled  ap- 
pearance. This  fact  is  well-illustrated  in  the  hair,  and  also 
in  the  nails,  in  which  latter  it  is  no  uncommon  thing  to  find 
an  isolated  streak  produced  by  the  accumulation  of  a  number 
of  cells  containing  coloured  granules,  in  the  midst  of  colour- 
less cells. 

When  pigment  granules  are  examined  separately,  they 
offer  very  little  indication  of  the  depth  of  colour  which  is  pro- 
duced by  their  accumulation.  I  have  observed  some  to  have 
the  hue  of  amber,  while  others  scarcely  exceeded  the  most 
delicate  fawn.  The  depth  of  colour  of  the  deep  stratum  of 
the  epidermis  in  the  Negro,  is  evidently  due  to  the  composi- 
tion of  that  layer  of  these  granules,  while  the  grayness  of  the 
superficial  layers  of  the  same  tissue  results  not  merely  from 
the  desiccation  of  these  granules,  but  also  from  the  fact  of 
those  subsequently  produced  being  less  strongly  coloured,  and 
also  from  the  addition  of  a  colourless  cell-membrane. 

The  epidermic  scale  of  the  Negro  has  a  mottled  appearance, 
from  the  numerous  secondary  nuclei  and  their  attendant  co- 
loured granules  which  are  scattered  through  its  texture. 


P.S.  Since  my  communication  of  the  above  paper  to  the 
Royal  Society,  I  have  confirmed  its  truth  by  further  observa- 
tions, and  have  ascertained  that  the  same  principle  of  growth 
is  applicable  to  the  formation  of  mucus  and  pus-corpuscles. 

December  1845. 

XIX.  On  the  Aberration  of  Light,  in  Reply  to  Mr.  Stokes. 
By  the  Rev.  J.  Challis,  M.A.,  Plumian  Professor  of  Astro- 
nomy in  the  University  of  Cambridge*. 

r|^HE  remarks  Mr.  Stokes  has  made  on  my  Explanation  of 
-*-      the  Aberration  of  Light,  since  they  have  little  reference 
to  the  more  important  parts  of  the  communication,  require 
from  me  but  brief  notice. 

I  agree  with  all  Mr.  Stokes  has  said  about  the  direction  of 
vision  through  a  telescope,  but  cannot  perceive  what  it  has  to 
do  with  aberration.  In  selecting  the  wire  of  an  astronomical 
telescope  for  the  terrestrial  object  to  which  the  direction  of 
the  celestial  object  is  referred,  I  had  not  the  least  reference  to 
vision  through  a  telescope.     It  would  have  answered  my  pur- 

*  Communicated  by  the  Author. 
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pose  equally  well  if  I  had  fixed  upon  a  division  of  the  gradua- 
tion of  a  circle  used  for  astronomical  observation.  The  fol- 
lowing method  of  viewing  the  subject  will  put  this  in  a  clear 
light:— 

Let  apq  be  a  circle  of  given  radius,  the  centre  of  which 
coincides  with  the  place  of  the  spectator's  eye,  and  partakes  of 
the  earth's  motion.  Let  the  plane  of  the  circle  pass  through 
e1  c  y,  the  line  in  which  the  eye  moves,  and  through  sp'  e,  the 
line  in  which  light  comes  to  the  eye  from  a  star.  To  find  the 
point  of  the  circle  on  which  the  light  impinges  by  which  the 
star  is  seen,  take  e1  e  equal  to  the  space  passed  over  by  the 
eye  while  light  travels  over  the  radius  of  the  circle;  take  e' p1 


equal  to  the  radius  of  the  circle ;  draw  ep  parallel  to  e1 ' p',  and 
join  p'  p.  Then  p  is  the  point  required;  for  ftp  is  evidently 
equal  and  parallel  to  e1  e.  Consequently  p  is  the  point  of  the 
circle  which  is  seen  in  coincidence  with  the  star  s.  If  the  star 
were  at  5'  in  the  direction  of  the  line  e'  eq  produced,  the  point 
q  on  that  line  would  be  seen  in  coincidence  with  it.  Now 
suppose  the  circle  to  be  graduated,  and  to  be  used  by  an 
astronomer  to  measure  the  angle  ses' ;  then  most  certainly  he 
would  read  off'  the  angle peq  instead  of  the  angle  pi  e q,  be- 
cause to  turn  a  given  point  of  the  circle  from  apparent  coin- 
cidence with  one  star  to  apparent  coincidence  with  the  other, 
the  circle  would  be  moved  through  the  angle p  eq.  The  dif- 
ference between  the  two  angles,  viz.  sep,  is  equal  to  the 
amount  of  aberration  determined  by  astronomical  observation. 
The  phenomenon  is  thus  entirely  accounted  for. 

It  follows  as  a  corollary  from  this  reasoning,  that  the  di- 
rection sp'  e  of  the  progression  of  light  from  a  celestial  object, 

H  2 
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just  before  it  enters  the  eye,  is  the  true  direction  of  the  object, 
atmospheric  refraction  not  being  considered. 

It  seems  probable  also  that  th's  is  the  direction  in  which 
the  object  is  seen ;  if  so,  the  point  j»  is  seen  out  of  its  true  place. 
This,  however,  is  not  ;  n  essential  consideration. 

I  think  it  important  to  remark,  that  the  foregoing  explana- 
tion of  aberration  rests  on  no  hypothesis  whatever,  being  a 
strict  deduction  from  ascertained  facts,  without  reference  to  any 
theory  of  light.  The  cause  assigned  for  aberration  is,  there- 
fore, a  vera  eausa,  which  consequently  excludes  every  explana- 
tion of  a  hypothetical  kind,  such,  for  instance,  as  that  which 
Mr.  Stokes  proposed  in  the  July  number  of  this  Magazine. 

Aberration  being  explained  in  this  manner,  it  is  interesting 
to  inquire  whether  a  proposed  theory  of  light  be  consistent 
with  this  explanation.  The  object  of  such  an  inquiry  would 
be  to  test  the  truth  of  the  proposed  theory.  The  only  condi- 
tion the  theory  is  required  to  fulfil,  in  addition  to  that  of  tem- 
poraneous  transmission,  is,  that  the  light  from  an  object  tra- 
verse, just  before  it  enters  the  eye,  a  straight  line  directed  to 
the  true  position  of  the  object. 

The  above  condition  is  satisfied  on  the  theory  of  emission, 
because  according  to  that  theory  light  passes  from  the  object 
to  the  eye  in  a  straight  line.  In  the  undulatory  theory,  the  di- 
rection of  transmission  of  light  is  the  direction  of  transmission 
through  space  of  a  given  point  of  a  wave  in  a  given  phase  of 
vibration.  Where  the  aether  is  undisturbed,  this  direction  is 
normal  to  the  front  of  the  wave.  Where  the  aether  is  in  mo- 
tion, it  is  the  direction  resulting  from  the  composition  of  the 
motion  of  propagation  of  the  wave  with  the  motion  of  trans- 
lation of  the  aether.  It  is  easy,  therefore,  to  determine,  for  a 
given  motion  of  translation  of  the  aether,  the  angle  which  the 
normal  to  the  front  of  the  wave  makes  with  the  direction  of 
transmission  of  light.  In  the  figure,  let//«  (not  necessarily 
equal  nor  parallel  to  e1  e)  represent  the  motion  of  the  aether, 
p'  e  representing  the  velocity  of  light ;  then  e  n  is  the  direction 
of  the  normal  to  the  wave  that  enters  the  eye  at  e.  If  the 
normal  underwent  no  angular  deviation  the  whole  distance 
from  the  object  to  the  eye,  en  would  also  be  the  direction  of 
the  object,  and  consequently  aberration  on  this  theory  would 
not  be  accounted  for.  I  gave  Mr.  Stokes  the  credit  pi  having 
first  shown  that  the  normal  is  shifted  through  a  certain  angle 
as  the  wave  is  propagated  through  the  aether  set  in  motion  by 
the  earth,  and  by  reasoning  as  he  has  done,  and  supposing 
certain  analytical  conditions,  which  I  shall  speak  of  presently, 
to  be  satisfied,  the  deviation  is  found  to  be  from  p1  towards  », 
exactly  through  the  angle  p1  en.     Consequently  op*  is  the  di- 
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rection  of  the  object,  and  the  required  condition  is  satisfied 
by  the  undulatory  theory  of  light. 

I  admit  the  correctness  of  Mr.  Stokes's  strictures  on  that 
part  of  my  communication  to  which  he  principally  objects. 
Mr.  Stokes's  own  reasoning  in  the  July  number,  or  the  fol- 
lowing, may  be  substituted  for  the  part  objected  to.  The 
point  a  is  carried  with  the  velocity  V—  w,  and  the  point  b  with 
the  velocity  V— w/,  in  the  direction  of  the  axis  of  z.  As  w  is 
less  than  w,  a  is  carried  further  than  b  in  the  small  time  $t, 

(1  IS) 

by  (V-w)$t-(V-w')dt,  that  is,  by  (a/— w)8/,  or  —  8*8*. 

Dividing  by  8#,  the  interval  between  a  and  b,  the  angular  dis- 

d  w 
placement  of  the  front  of  the  wave  in  the  plane  of  z  x  is  —  8  /, 

(J  *153     0  2!  0  Z 

which  is  equal  to  -y-.  -^j,  since  V  =  j-  very  nearly.     To  in- 

,  .  ...  .      dw      du 

tegrate  this  expression,  it  is  necessary  to  assume  that  -j—  =  -j- . 

So  considering  the  motion  in  the  plane  z  y,  the  integration  re- 
quires that  -r-  =  -r~.    These  conditions,  which  are  alluded  to 

'  dy       d  z 

above,  I  agreed  with  Mr.  Stokes  that  it  was  necessary  the 
motion  of  the  aether  should  satisfy.  I  went  a  step  further,  and 
endeavoured  to  show  that  they  do  not  restrict  the  motion. 
The  reasoning  for  this  purpose  was  based  on  hydrodynamical 
equations,  in  which  the  squares  of  the  velocities  were  neg- 
lected.    This   may  generally  be  done  when   the  motion    is 

small.     But  obviously  all  cases  of  motion  for  which  ~r~.  — , 

J  dt  dt 

and  -j-  vanish  are  to  be  excepted,  and  the  instance  before  us 

may  be  one  of  this  class  ;  for  the  motion  must  be  nearly  sym- 
metrical about  the  line  in  which  the  earth's  centre  moves,  and 
if  the  earth's  centre  be  taken  for  origin  of  co-ordinates,  the 
velocity  must  be  very  approximately  a  function  of  co-ordi- 
nates independent  of  the  time.  On  this  account  I  doubt  the 
applicability  of  those  equations,  and  in  the  present  state  of 
our  knowledge  of  the  subject,  it  seems  the  best  course  simply 
to  suppose  the  motion  of  the  tether  to  be  such  as  to  satisfy  the 

...        dw       du       ,  dw       dv      m,  .  .  . 

two  conditions  -r-  =  -p-  and  -. —  =  -=—.      lliere  is   nothing 
dx       dz  dy        dz  n 

improbable  in  the  supposition  :  it  saves  the  undulatory  theory; 

but  I  must  protest  against  its  being  considered  necessary  for 

the  explanation  of  the  aberration  of  light. 

Cambridge  Observatory,  January  8,  1846. 
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XX.  Observations  on  certain  Molecular  Actions  of  Crystalline 
Particles,  $c ;  and  on  the  Cause  of  the  Fixation  of  Mercu- 
rial Vapours  in  the  Daguerreotype  Process.  By  Augustus 
Waller,  M.D.* 

[With  a  Plate.] 

HEN  a  piece  of  glass  is  covered  with  a  solution  con- 
taining the  double  phosphate  of  ammonia  and  magne- 
sia, and  traces  are  made  upon  it  by  any  hard  body,  it  is 
known  that  they  become  visible  shortly  afterwards  by  the  salt 
being  precipitated  upon  them.  Berzelius,  who  mentions  this 
test  in  his  Elements  of  Chemistry,  states  that  Wollaston  pro- 
posed to  make  use  of  this  fact  as  a  test  of  the  presence  of 
magnesia  in  solution,  which  has  since  been  frequently  adopted. 
According  to  Berzelius,  "the  cause  of  this  property  is  of  a 
mechanical  nature,  probably  from  the  glass  being  covered  with 
microscopic  crystals,  the  facets  of  which  take  a  different  posi- 
tion on  the  traces,  for  some  reason  which  is  not  easily  ex- 
plained." More  recently,  Prof.  Liebig  has  alluded  to  this 
subject  in  his  Vegetable  Physiology,  §  157.  These  effects 
are  referred  by  him  to  a  state  of  unstable  equilibrium  of  the 
various  particles  which  compose  the  liquid,  which  is  destroyed 
whenever  a  dynamical  action  is  created  sufficiently  powerful 
to  overcome  the  feeble  attractions,  or  the  inertia  of  the  mole- 
cules in  solution.  He  ascribes  to  the  same  cause  the  sudden 
solidification  of  water,  which  had  remained  liquid  when  below 
the  freezing-point,  upon  being  agitated ;  the  precipitation  of  a 
mixture  of  potash  and  tartaric  acid ;  also  the  detonation  of 
fulminating  powder  from  the  contact  of  any  solid  body. 
Neither  of  these  eminent  observers  mentions  having  submitted 
these  traces  to  microscopic  examination,  although  that  is  the 
only  manner  to  test  the  hypothesis  advanced  by  Berzelius. 

On  the  present  occasion  it  is  my  intention  to  describe  some 
observations  I  have  made,  in  order  to  elucidate  the  influence 
of  molecular  action  on  the  precipitation  of  saline  bodies,  si- 
milar to  that  observed  in  the  double  phosphate,  and  to  show 
that  a  similar  influence  is  exerted  over  bodies  in  a  gaseous 
state  and  in  a  state  of  vapour,  and  afterwards  to  point  out 
some  phaenomena  hitherto  unexplained,  such  as  the  fixation 
of  the  mercurial  vapours  in  the  Daguerreotype  for  instance, 
which  evidently  depend  upon  a  like  cause. 

In  order  to  obtain  the  double  phosphate,  I  have  generally 
used  a  solution  containing  about  ten  grains  of  phosphate  of 
soda  with  about  three  of  carbonate  of  ammonia  in  an  ounce 
and  a  half  of  water.  1  have  preferred  this  mixture,  because 
the  ingredients  are  more  easily  procured,  and  are  less  acted 
*  Communicated  by  the  Author. 
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upon  by  the  atmosphere  than  the  phosphate  of  ammonia. 
The  magnesian  solution  was  generally  a  few  grains  of  sulphate 
of  magnesia  to  the  same  quantity  of  water  as  above. 

A  small  quantity  of  the  first  mixture  is  poured  on  a  piece 
of  glass,  and  to  this  are  added  a  few  drops  of  the  magnesia  in 
solution;  if  it  be  allowed  to  remain  undisturbed,  in  a  few  mi- 
nutes the  surface  of  the  liquid  becomes  covered  with  a  thin 
film,  and  on  the  glass  appear  minute  shining  crystals;  but  if 
before  these  crystals  have  time  to  form,  any  solid  substance, 
as  a  glass  rod  or  an  empty  pen,  for  instance,  is  passed  over 
the  glass  through  the  liquid,  the  course  it  follows  becomes 
visible  shortly  after.  The  images  which  are  thus  formed  are 
double,  and  may  be  termed  the  upper  and  lower  images. 

I  will  first  describe  the  upper  images : — They  appear  on  the 
surface  of  the  liquid  itself,  when  the  film  would  otherwise  have 
been  formed.  They  are  seen  immediately  after  the  passage 
of  the  pen  through  the  liquid,  whereas  the  lower  ones  only 
become  apparent  a  few  moments  after.  Being  formed  on  a 
moveable  surface,  they  are  not  perfect  representations  of  the 
traces  that  have  been  made,  and  are  changed  and  distorted 
by  any  movement  of  the  liquid.  When  the  solution  of  the 
salt  is  weak,  they  frequently  disappear  a  few  moments  after 
their  formation  and  are  redissolved  in  the  liquid;  when  the 
liquid  is  more  concentrated,  they  likewise  disappear,  owing 
to  the  formation  of  the  film  on  the  surface.  The  production 
of  these  images  appears  to  be  independent  of  the  chemical  na- 
ture of  the  body  used  for  tracing.  They  may  be  obtained  in- 
dependently of  the  lower  ones,  by  drawing  a  thread  gently 
over  the  surface  of  the  liquid,  without  its  coming  in  contact 
with  the  surface  of  the  glass. 

The  lower  images  are  formed  on  the  surface  of  the  glass, 
under  the  upper  ones.  A  few  seconds  after  the  tracing  has 
been  made  upon  the  glass,  they  begin  to  appear,  and  gra- 
dually become  more  distinct.  The  space  of  time  which 
elapses  before  their  appearance  depends  upon  the  strength  of 
the  solution.  When  it  is  strong  they  appear  quickly,  and  when 
weak  they  take  several  minutes  before  they  are  visible. 

To  cause  the  formation  of  any  images,  the  tracing  must  al« 
ways  be  made  after  the  mixture  of  the  two  solutions ;  under 
no  other  circumstances  have  I  been  able  to  create  them. 
Thus,  when  the  tracing  is  made  on  a  perfectly  dry  glass,  or  on 
one  slightly  wet,  and  then  immediately  covered  with  the  solu- 
tion, no  images  will  be  created.  This  is  likewise  the  case  when 
we  make  traces  in  either  the  magnesian  or  the  phosphate  so- 
lution before  their  mixture  together. 

The  passage  of  any  solid  substance  in  the  proper  solution 
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on  glass  will  cause  the  formation  of  a  deposit.  Wood,  glass, 
slate,  and  other  similar  substances,  all  have  equal  power  in 
this  respect,  but  metallic  substances  are  less  active.  Other 
polished  surfaces  may  be  used  instead  of  the  glass  plate,  and 
I  have  formed  these  images  on  quartz  and  agate  with  the  same 
effect. 

The  difference  of  crystalline  texture  exerts  no  influence, 
but  the  images  seem  to  be  with  more  difficulty  produced  on 
polished  silver  and  copper  than  on  a  vitreous  surface. 

A  very  slight  degree  of  friction  will  excite  the  formation  of 
an  image,  although  a  moderate  degree  of  pressure  is  more  fa- 
vourable. 

Electricity  exerts  no  influence  in  the  formation  of  these 
images.  In  one  experiment,  in  order  to  diminish  the  friction, 
I  adapted  two  fine  wires  of  a  spiral  form  to  a  battery  suffi- 
ciently strong  to  decompose  water  freely.  These  wires  were 
moved  through  the  solution  in.  various  directions,  and  the 
marks  of  the  passage  of  the  two  poles  became  equally  appa- 
rent without  any  difference  on  either  side ;  and  when  after- 
wards disconnected  from  the  battery  and  used  in  a  similar 
manner,  they  produced  the  same  effects. 

It  is  remarkable  with  what  fidelity  the  traces  of  lines  be- 
come visible  in  this  manner.  Letters  thus  formed  by  a  pen, 
are  much  more  faithfully  rendered  than  when  written  on  paper 
with  ink,  and  lines  may  be  formed  which  are  scarcely  visible 
to  the  naked  eye.  Microscopic  inspection  shows  this  extreme 
exactness  to  a  much  greater  degree  than  could  have  been  an- 
ticipated; for  we  see  a  simple  line  become  as  it  were  decom- 
posed into  a  number  of  parallel  lines,  which  represent  the 
point  of  contact  between  the  two  solids  (see  Plate  III.  fig.  2). 
These  lines  are  composed  of  very  minute  and  confused  cry- 
stals, of  an  irregular  appearance  and  joined  together.  Their 
diameter  varies  from  0*02  of  a  millimetre  to  about  double  that 
size.  Between  these  parallel  lines  are  frequently  seen  others 
still  more  minute.  The  other  crystals  which  become  deposited 
by  the  common  crystalline  powers  over  the  untouched  parts 
of  the  glass,  are  much  larger  than  either  of  these.  When  the 
point  of  intersection  of  two  lines  is  examined  under  the  micro- 
scope, we  perceive  the  appearance  represented.  While  cry- 
stalline masses  are  in  process  of  formation,  it  is  impossible  to 
prevent  the  deposition  of  crystals  on  other  parts  of  the  glass; 
but  if  while  these  are  fresh  they  are  subjected  to  a  sharp  cur- 
rent of  water,  the  irregular  crystals  are  mostly  carried  away, 
while  the  images  are  left  almost  intact.  It  is  therefore  evident 
that  the  same  power  which  causes  this  deposit,  renders  them 
more  adherent  to  the  surface  of  the  glass  than  the  other  cry- 
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stals.  Another  method  of  demonstrating  the  difference  of 
their  adherence,  is  by  allowing  the  solution  to  dry  on  the 
glass,  when  by  brushing  it  slightly  with  the  feather  of  a  pen, 
most  of  the  irregular  crystals  are  taken  off  and  the  images  re- 
main. 

Other  substances  capable  of  forming  a  like  deposit. — Chloride 
of  platinum  and  nitrate  of  potash,  mixed  together,  form  a 
double  chloride,  with  which  images  can  be  obtained  with  as 
much  ease  as  with  the  double  phosphate.  The  only  differ- 
ence is,  that  the  double  chloride  precipitates  in  the  shape  of 
octahedrons,  &c.  Solutions  of  tartaric  acid  and  nitrate  of 
potash  deposit  crystals  of  bitartrate  of  potash,  which  are  capa- 
ble of  forming  upper  and  lower  images  with  nearly  as  much 
facility  as  the  double  phosphate.  The  lower  images  formed 
by  the  bitartrate  differ  in  one  respect  from  those  by  the  phos- 
phate, for  shortly  after  their  formation  they  appear  to  lose 
their  adhesion  to  the  glass,  and  the  slightest  agitation  of  the 
liquid  causes  them  to  be  detached ;  and  if  a  sentence  has  been 
written,  the  curious  appearance  is  presented  of  fragments  of 
words  and  letters  floating  about  in  confusion.  Under  the 
microscope  also  they  differ,  fewer  parallel  lines  are  perceived, 
and  the  crystals  are  larger  and  unequal  in  size.  Liquor  po- 
tassse  added  to  a  solution  of  tartaric  acid  will  form  images 
exactly  similar  to  those  just  mentioned.  Caustic  soda  and 
tartaric  acid  produce  the  same  result,  but  the  solution  must 
be  much  more  concentrated. 

Images  formed  by  gaseous  bodies. — These  traces  are  formed 
in  the  same  manner  as  those  which  are  crystalline,  by  passing 
a  solid  body  over  a  piece  of  glass  covered  with  a  liquid  con- 
taining a  gas  in  solution,  when  they  are  immediately  perceived 
by  the  bubbles  which  are  deposited.  On  account  of  the  spe- 
cific gravity  of  the  gas,  these  images  are  not  very  durable,  for 
after  a  short  time  the  gas  which  composes  them  rises  to  the 
surface.  As  a  general  rule,  the  ingredients,  whose  combina- 
tion causes  the  formation  of  the  gas,  should  be  added  together 
gently,  and  so  diluted  that  whatever  gas  is  formed  they  re- 
main dissolved  in  the  liquid.  I  have  been  surprised  to  find 
how  much  gas  n  ay  be  in  this  way  made  to  remain  in  solution  ; 
and  as  most  of  them  appear  capable  of  being  dissolved  in  this 
unstable  manner,  traces  may  be  obtained  from  them  all;  and 
I  have  ascertained  by  experiment,  that  such  is  the  case  with 
carbonic,  acetic  and  hydrochloric  acids. 

To  obtain  carbonic  acid,  I  have  generally  used  the  subcar- 
bonate  of  soda  and  tartaric  acid.  Acetate  of  ammonia  was 
employed  to  liberate  acetic  acid,  and  hydrochloric  acid  was 
obtained  from  common  salt  and  sulphuric  acid.     A  mixture 
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capable  of  forming  traces  has  the  property  of  disengaging  its 
gas  in  bubbles,  whenever  it  is  brought  in  contact  with  any  dry 
surface ;  as  for  instance,  when  a  mixture  of  this  sort  formed 
on  a  slip  of  glass  is  caused  to  spread  over  a  part  of  the  surface 
which  has  not  previously  been  wetted,  bubbles  of  gas  are  im- 
mediately evolved  on  that  spot,  although  none  are  perceived 
elsewhere.  This  effect  is  also  produced  with  champagne, 
seltzer  and  other  effervescing  waters,  which  however  have  not 
the  property  of  forming  gaseous  traces.  Any  surface,  whether 
metallic  or  non-metallic,  will  be  found  to  effect  the  separation 
of  the  gas  from  the  liquid;  and  I  have  not  perceived  that 
there- was  any  difference  from  the  surface  being  perfectly  po- 
lished or  rough. 

The  immersion  of  a  piece  of  bread  in  champagne  to  renew 
the  effervescence,  is  merely  an  example  of  the  contact  of  a 
fresh  surface  with  the  gas;  in  a  short  time  it  ceases  to  have 
this  effect,  but  if  a  fresh  piece  is  used,  the  effervescence  is  re- 
newed as  before.  The  difference  of  effect  between  this  and  a 
piece  of  metal  arises  solely  from  the  superior  extent  of  surface 
presented  by  the  cavities  of  the  bread.  The  disengagement 
of  steam  from  boiling  water  by  platinum  foil  or  any  other  solid 
substance,  is  likewise  of  the  same  nature.  After  a  very  short 
time  this  effect  ceases,  unless  renewed  by  a  fresh  surface. 
The  most  natural  explanation  of  these  phaenomena,  is  to  refer 
them  to  some  molecular  action  of  the  solid  on  the  gas,  proba- 
bly of  a  mechanical  nature,  which  lasts  a  very  short  time,  when 
the  solid  acquires  a  "droit  de  domicile"  in  the  liquid,  and  be- 
comes perfectly  inert.  M.  Legrand,  who  has  made  most  cor- 
rect experiments  on  the  point  of  ebullition  of  saline  solutions, 
remarks,  that  platinum  possesses  no  power  in  equalizing  ebul- 
lition after  a  few  moments,  when,  according  to  him,  all  the  air 
has  been  expelled  from  its  surface ;  but  on  the  contrary,  zinc 
and  iron  will  act  as  long  as  they  are  present  in  the  liquid, 
which  he  attributes  to  their  power  of  decomposing  water. 

Previously  to  showing  the  existence  of  the  same  action  in 
bodies  in  a  state  of  vapour  or  of  fume,  I  will  make  a  short  di- 
gression with  respect  to  the  constitution  of  vapours  in  general. 

The  term  vapour  is  commonly  applied  to  bodies  in  three 
different  conditions, — 1st,  that  of  temporary  gas  diffused  in 
the  atmosphere;  2nd,  that  of  liquid  particles  mechanically 
suspended  there ;  3rd,  that  of  solid  particles  suspended  in  like 
manner.  To  the  two  latter,  to  speak  more  correctly,  may  be 
applied  the  term  of  fumes.  The  first  correspond  to  solution 
in  a  liquid,  and  the  other  two  to  that  of  suspension  in  the 
same.  As  examples  of  the  first,  we  have  the  vapours  of  water 
while  in  an  invisible  state,  and  those  of  bromine,  &c.     Of  the 
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second,  water  as  in  mists,  fogs,  &c. ;  and  of  the  third,  the  va- 
pours of  arsenic  and  of  corrosive  sublimate.  Bodies  in  either 
of  these  conditions  possess  the  faculty  of  assuming  a  definite 
crystalline  form  on  becoming  solid.  The  properties  of  the 
gaseous  vapours  are  so  well  known,  that  it  is  unnecessary  to 
dwell  upon  them  here. 

The  second  class,  or  the  liquid  globular  vapours  or  fumes, 
which,  as  we  have  said,  cause  those  accumulations  known 
under  the  name  of  fogs,  clouds,  or  mists,  are  those  which  I 
intend  at  present  to  examine,  as  they  comprehend  the  theory 
of  the  fixation  of  the  mercurial  vapours  in  the  Daguerreotype. 
It  was  formerly  believed  that  vapour  or  mist  was  composed  of 
minute  spherules  or  globules  of  liquid  water,  and  in  Newton's 
works  we  find  evidence  that  such  was  his  opinion.  According 
to  another  view,  first  advanced  I  believe  by  De  Saussure,  these 
vapours  were  composed  of  vesicles  or  very  minute  bubbles, 
exactly  resembling,  on  a  small  scale,  the  common  soap-bubble. 
This  opinion  has  received  the  assent  of  Fresnel  and  Berzelius, 
and  at  present  obtains  general  credence.  The  proofs  on  which 
it  is  considered  to  be  founded,  are  principally  the  observa- 
tions of  De  Saussure,  who  asserts  that  on  high  mountains,  or 
in  the  clouds,  he  has  been  able  to  detect  these  air-vesicles 
with  the  naked  eye,  and  has  seen  them  burst  as  they  came  in 
contact  with  each  other.  Berzelius  recommends  the  exami- 
nation of  the  vapour  of  water  over  a  dark  surface,  such  as  that 
of  ink,  with  a  lens  of  a  short  focus.  He  says,  that  vesicles 
may  be  detected  in  this  manner,  varying  in  size  from  -^j-^-q  to 
2tVo^1  °f  an  'nch>  which  occasionally  burst  as  they  touch 
each  other.  The  suspension  of  clouds  is  also  used  as  an  ar- 
gument in  favour  of  the  vesicular  theory,  as  it  is  contended 
that  liquid  spherules  would  descend  to  the  ground  by  their 
specific  gravity  in  such  situations.  Fresnel  indeed  compares 
the  globules  to  small  balloons,  which  dilate  or  contract,  accord- 
ing to  the  temperature  of  the  air  they  contain. 

A  few  days'  stay  at  the  convent  of  St.  Bernard  gave  me  an 
opportunity  of  repeating  the  observations  on  the  clouds,  as 
mentioned  by  De  Saussure,  which  may  be  also  made  in  this 
season  on  our  London  fogs.  Globules  of  various  sizes  in  these 
circumstances  are  frequently  discerned  by  the  naked  eye  float- 
ing in  all  directions.  I  have  endeavoured  to  ascertain  their 
vesicular  structure,  but  have  been  unable  to  do  so  from  direct 
observations.  It  is  frequently  a  most  difficult  point,  in  mi- 
croscopic investigation,  to  decide  upon  the  existence  of  a  thin 
transparent  membrane.  It  is  still  more  so  to  pronounce  upon 
the  vesicular  or  spherular  structure  of  globules  in  constant 
agitation ;  and  I  believe  that  if  minute  spherules  and  vesicles 
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could  be  mixed  together,  we  do  not  possess  any  means  at  pre- 
sent of  distinguishing  them. 

I  have  never  been  able  to  detect  that  appearance  of  burst- 
ing of  the  globules  mentioned  by  De  Saussure,  but  sometimes, 
when  the  agitation  of  the  air  is  slight,  two  of  the  larger  glo- 
bules may  be  seen  floating  towards  each  other,  and  afterwards 
disappear  suddenly,  which  may  be  explained,  if  we  admit  that 
it  is  caused  by  the  union  of  the  two  spherules  into  one,  which 
is  too  heavy  to  remain  any  longer  in  suspension,  and  whose 
rapid  deposition  conceals  it  from  the  sight. 

There  may  be  urged  as  objections  to  the  vesicular  theory, 
that  if  the  pellicle  become  extremely  thin,  the  vesicle  would 
no  longer  be  perceived  any  more  than  the  apex  of  an  air- 
bubble  before  bursting,  or  the  central  black  spot  of  a  system 
of  Newton's  coloured  rings.  It  will  be  seen  below  that  the 
globules  of  vapour  possess  the  power  of  depositing  themselves 
in  a  crystalline  form,  which  requires  a  tranquil  deposition  of 
particles,  such  as  could  scarcely  be  deemed  possible,  if  the  air 
contained  in  each  had  to  escape  at  the  moment  of  its  crystal- 
lization. 

I  have  endeavoured  to  fix  the  globules  of  water  on  glass 
and  other  substances,  so  as  to  be  enabled  to  submit  them  to 
microscopic  inspection,  but  from  their  volatile  nature  and  other 
causes  have  not  succeeded.  However,  it  is  easy  to  do  so  with 
almost  any  other  volatile  substance;  and  I  have  examined 
several  in  this  way  without  detecting  the  slightest  appearance 
of  a  vesicular  structure.  Mercury  is  deposited  under  the 
form  of  globular  particles,  with  a  metallic  lustre  whose  dia- 
meter is  3^jotn  °f  a  millimetre,  m  which  I  have  never  detected 
any  internal  cavity  by  the  most  careful  examination*.     Flour 

*  In  order  that  others  who  may  wish  to  verify  these  results  may  operate 
in  the  same  conditions  as  myself,  it  is  proper  to  state  that  the  mercurial 
vapours  were  disengaged  in  a  hox,  such  as  is  used  in  the  Daguerreotype  pro. 
cess ;  and  after  the  mercury  had  been  raised  to  a  temperature  of  about  90° 
centigrade,  it  was  allowed  to  cool.  Three  experiments  were  made  in  this 
manner:  in  the  two  first  the  glass  plate  was  placed  four  inches  above  the 
mercury,  in  the  other  it  was  eight  inches  distant.  The  appearance  of  the 
globules  was  the  same  in  each  case ;  if  any  difference  existed  in  their  size, 
those  of  the  last  experiment  were  rather  larger.  In  another  experiment, 
where  a  common  Daguerreotype  plate  was  substituted  for  one  of  glass,  the 
appearance  of  the  globules  was  in  all  respects  the  same.  From  the  manner 
in  which  they  are  deposited,  they  appear  to  exert  an  influence  over  each 
other,  as  they  are  frequently  found  in  groups  of  three  or  four,  or  more, 
Mr.  Ross  has  stated  on  the  part  of  Mr.  Solly  (Microscopical  Society,  De- 
cember 1843),  that  these  globules  are  deposited  in  hexagonal  groups;  but 
with  preconceived  ideas  no  doubt  it  would  be  very  easy  to  form  such 
shapes,  as  it  would  be  to  form  triangles  or  any  other  simple  geometrical 
figure,  particularly  when  the  illusions  inseparable  from  catoptric  microscopy 
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of  sulphur  is  found  to  consist  of  solid  globules,  several  of 
which  adhere  together;  when  acted  upon  by  a  gentle  sol- 
vent, their  external  portion  is  dissolved,  and  there  remains  a 
regular  octahedron.  An  interesting  experiment  may  be  made 
on  the  fumes  of  sal-ammoniac,  which  appear  whenever  mu- 
riatic acid  and  ammonia  are  brought  together.  Two  small 
phials,  each  containing  one  of  these  substances,  are  covered 
by  an  inverted  tumbler:  above  the  surface  of  the  acid  are 
seen  at  a  short  distance  the  fumes  of  the  salt,  which  at  the 
end  of  a  few  hours  are  found  to  have  condensed  into  a  thin 
snowy  pellicle,  completely  obturating  the  mouth  of  the  bottle. 
This  partition  is  so  delicate,  that  the  slightest  agitation  will 
cause  it  to  fall  into  the  liquid. 

In  all  these  cases  it  is  found  that  the  fumes  possess  the 
power  of  remaining  suspended  a  much  greater  length  of  time 
than  would  be  expected  from  the  difference  of  their  specific 
gravity  with  that  of  air,  which  is  also  the  case  with  the  fumes 
of  other  substances,  and  smoke  in  particular.  This  can  only 
be  accounted  for  by  the  continual  state  of  agitation  of  the  air, 
even  within  an  enclosed  space,  and  by  the  elasticity  of  the 
solid  and  liquid  particles.  In  the  case  of  solid  particles  this 
can  be  readily  admitted,  but  with  regard  to  liquid  globules, 
there  is  probably  some  action  similar  to  that  which  takes  place 
on  the  impinging  of  solid  elastic  balls,  which  after  becoming 
flattened  rebound  in  virtue  of  their  tendency  to  recover  their 
original  shape. 

The  causes  which  act  in  fixing  different  vapours  and  fumes 
are  the  same  as  those  which  determine  the  precipitation  of  solid 
particles  in  solution,  such  as  for  instance,  sharp  points  of  any 
kind,  minute  filaments,  and  more  especially  the  existence  of  a 
crystalline  particle  to  act  as  a  nucleus.  Non-conducting  sub- 
stances, as  woollen  cloth,  the  nap  of  a  hat,  the  web  of  the  spider, 
&c,  are  covered  with  aqueous  globules  when  no  rain  has  fallen, 
and  when  polished  surfaces  near  present  no  such  deposition. 

Having  now  shown  the  existence  of  a  crystalline  power  in 
vapours,  we  shall  proceed  to  prove  the  influence  of  a  force 
which  disturbs  this  equilibrium  in  the  same  manner  as  in  the 
saline  solutions  above  mentioned.  The  friction  of  a  solid  body 
on  glass  will  leave  traces  which  are  invisible  until  breathed 
upon. 

are  added  to  those  of  physiology.  This  tendency  of  the  mind,  of  which 
a  good  account  has  been  given  by  Miiller  in  his  Elements  of  Physiology, 
is  so  strong,  that  where  groups  of  globules  are  concerned,  I  would 
always  advise  their  being  mapped  down  under  the  microscopic  camera 
lucida,  and  put  by  for  some  time  for  future  inspection.  I  shall  have 
occasion  to  advert  to  this  subject  more  fully  hereafter. 
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Many  bodies  possess  this  property,  but  the  mineral  steatite, 
or  soap-stone,  produces  the  effect  better  than  any  other  I  know. 
A  considerable  degree  of  friction  may  be  used  over  the  traces 
thus  produced  by  steatite,  without  affecting  the  appearance  of 
the  traces  when  breathed  upon  repeatedly.  The  glass  may 
even  be  heated  considerably  without  affecting  them.  By  ex- 
amining with  the  microscope  the  parts  that  have  been  traced 
upon  by  steatite,  we  are  unable,  any  more  than  with  the  naked 
eye,  to  detect  any  material  cause  for  the  deposition  of  vapours 
in  these  places,  as  it  probably  depends  upon  the  transparency 
of  the  mineral,  which  being  so  attenuated  is  unable  to  affect 
the  rays  of  light.  When  the  traces  have  been  brought  out  by 
breathing  upon  them,  they  must  be  covered  with  another  piece 
of  glass,  which  impedes  the  evaporation  of  the  water  and  allows 
them  to  be  submitted  to  the  microscope.  The  parts  untouched 
by  the  steatite  present  the  appearances  that  have  been  already 
mentioned.  On  the  lines  created  by  the  mineral,  the  drops 
of  water  are  differently  disposed,  their  long  diameters  being 
parallel  to  the  direction  of  the  lines.  These  minute  drops 
very  much  resemble  the  globules  of  gas  deposited  from  a 
liquid,  the  only  difference  between  the  two  consisting  in  the 
deviation  from  the  globular  form  in  the  liquid  traces,  which 
evidently  arises  from  the  power  which  the  water  possesses  of 
wetting  glass. 

It  is  evident,  therefore,  that  the  secondary  cause  of  these 
images  is  a  difference  in  the  position  of  the  minute  drops  of 
water,  reflecting  the  light  differently  from  the  other  drops, 
which  are  irregularly  disposed  on  the  other  parts  of  the  glass. 

There  exists  another  method  of  fixing  vapours,  which  has 
been  long  known,  and  to  which  I  believe  attention  was  first 
directed  by  Prof.  Draper.  It  consists  in  merely  placing  a 
body  on  a  plain  surface,  such  as  that  of  a  metallic  speculum, 
or  even  of  glass ;  after  a  short  time  it  is  found  that  simple 
contact,  such  as  this,  has  caused  some  molecular  action,  as  the 
spot  occupied  by  the  object  will  become  apparent  by  breathing 
on  it  in  the  same  way  as  with  the  images  of  steatite.  This 
observation  is  the  more  interesting,  as  it  serves  as  a  connect- 
ing link  between  the  effects  of  mechanical  power  and  those 
caused  by  other  agents. 

The  experiments  of  Mr.  Hunt  have  shown  the  influence  of 
heat  in  causing  the  fixation  of  vapours. 

An  image  of  this  sort  formed  on  glass  by  the  breath,  when 
examined  under  the  microscope,  presents  exactly  the  same  ap- 
pearance as  those  formed  by  steatite.  The  same  difficulty  is 
experienced  in  bringing  out,  by  mercurial  vapours,  the  ther- 
mographic images  on  glass,  as  is  found  with  the  traces  of 


Molecular  Actions  of  Crystalline  Particles^  §c.        1 03 

steatite,  which  possess  but  in  a  very  slight  degree  the  power  of 
fixing  mercurial  vapours.  It  appears  therefore  that  the 
power  which  water  has  of  wetting  glass,  causes  it  to  have  a 
greater  tendency  to  deposit  than  mercury,  which  does  not  wet 
glass.  The  cause  of  the  production  of  thermographic  images 
is  evidently  similar  to  that  which  causes  the  deposition  of  a 
solid  body  from  a  solution. 

The  fixation  of  the  mercurial  vapours  in  the  Daguerreo- 
type process,  which  has  excited  so  much  interest,  and  for 
which  so  many  theories  have  been  advanced,  is  but  another 
example  of  the  force  which  causes  the  deposition  of  solid  and 
gaseous  particles  from  a  liquid,  and  which  produces  so  many 
other  effects.  In  this  case  the  chemical  rays  of  light  act  in 
the  same  manner  as  mechanical  action  and  caloric  in  causing 
a  certain  molecular  disturbance.  By  the  discoveries  of  Moser, 
it  is  shown  that  these  rays  possess  the  power  of  acting  upon 
almost  any  body,  in  such  a  manner  as  to  render  it  capable  of 
fixing  the  particles  of  various  vapours.  Thus  simple  minerals, 
glass,  &c.  may  be  made  to  fix  the  mercurial  vapour. 

It  appears  however  that  silver,  gold,  copper,  &c,  which  form 
amalgams,  or  in  other  words,  are  capable  of  being  wetted  by 
mercury,  possess  this  property  in  a  greater  degree  than  any 
other  bodies  which  are  incapable  of  being  wetted  by  it;  in 
the  same  way  as  we  have  seen  that  glass  has  the  greatest 
power  to  fix  the  vapour  of  water.  Admitting  the  truth  of  this 
theory  of  the  Daguerreotype  process,  we  are  naturally  led  to 
inquire  whether  the  same  agent  may  not  likewise  cause  the 
fixation  of  particles  in  a  state  of  solution  or  of  vapour,  in  the 
same  manner  as  by  simple  mechanical  action.  After  several 
unsatisfactory  attempts,  I  finally  succeeded  in  clearly  proving 
this  fact.  The  solution  which  shows  the  influence  of  light  the 
most  evidently,  is  that  of  the  neutral  chloride  of  gold.  A  few 
grains  of  this  salt  dissolved  in  an  ounce  of  water,  when  ex- 
posed to  the  light,  deposits  minute  crystals  of  a  metallic  ap- 
pearance on  that  side  of  the  glass  nearest  the  light. 

The  action  of  light  in  causing  the  deposition  of  gaseous  va- 
pours may  be  shown  by  placing  some  iodine  in  a  bottle  closed 
with  a  glass  stopper.  After  being  exposed  to  the  sunshine  for 
several  hours,  minute  black  crystals  will  appear  on  the  side 
nearest  the  light,  which  will  change  their  position  according 
to  the  side  of  the  glass  exposed.  Another  substance  which 
shows  this  action  still  better,  is  camphor,  a  piece  of  which, 
merely  covered  with  a  glass  shade,  will  give  rise  to  a  crystal- 
line deposit,  after  an  hour  or  two  of  exposure  to  light,  and 
which  presents  the  same  phsenomena  as  that  of  iodine.  By  a 
prolonged  exposure  these  crystals  become  very  abundant,  and 
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are  very  beautiful*.  I  have  applied  this  property  to  the  con- 
struction of  an  instrument  for  measuring  the  chemical  rays  of 
light.  As  the  details  respecting  this  would  be  foreign  to  our 
present  subject,  I  will  defer  them  to  another  occasion,  and  con- 
fine myself  now  to  prove  that  these  phamomena  are  indepen- 
dent of  the  deposits  caused  by  radiation. 

1st.  The  crystals  are  formed  on  the  side  exposed  to  the  ac- 
tion of  direct  or  diffused  light. 

2nd.  They  are  not  formed  during  the  night,  when  the  ra- 
diation from  the  earth  is  sufficient  to  cause  the  deposition  of 
water. 

3rd.  Green  glass,  which  retards  photographic  action,  like- 
wise impedes  this  deposit. 

In  an  experiment  which  is  now  going  on,  a  bottle  of  pale 
green  common  glass  is  exposed  to  the  north,  while  another  of 
white  glass  is  placed  in  a  southern  aspect.  The  first  became 
covered  with  minute  crystals,  in  size  averaging  about  a  milli- 
metre, which  have  remained  stationary  for  a  week  ;  the  second 
is  covered  with  arborescent  ramifications,  which  are  daily  in- 
creasing. 

Several  familiar,  but  hitherto  unexplained  phaenomena, 
may  in  my  opinion  be  easily  accounted  for  by  these  molecular 
actions. 

The  formation  of  hail  I  consider  to  be  an  instance  of  an 
action  precisely  similar  to  that  which  causes  the  deposition  of 
the  solids  of  gaseous  and  liquid  particles.  If  we  admit  the  in- 
fluence of  this  force  on  the  globular  vapours  of  water,  it  is  not 
at  all  improbable  that  certain  conditions  may  arise  in  nature 
when  these  vapours  may  be  much  more  liable  to  this  influence 
than  we  find  them  in  our  imperfect  experiments.  We  have 
seen  that  a  solution  of  sulphate  of  soda  or  water  in  a  pure 
state  may  be  brought  by  the  abstraction  of  caloric  to  such  a 
condition  of  unstable  equilibrium,  that  the  slightest  perturba- 
ting  cause  will  immediately  reduce  them  to  a  solid  form. 

If  we  admit  that  the  globules  which  form  the  clouds  are  ca- 
pable of  being  placed  in  a  similar  condition,  we  have  sufficient 
data  to  explain  all  the  phaenomena  that  occur  in  the  produc- 
tion of  hail.  Any  nucleus  formed  within  a  cloud  in  this  state, 
would  create  around  it  a  deposition  of  all  the  neighbouring 
particles;  and  the  size  of  the  hail-stones  would  be  dependent 
upon  the  thickness  of  the  cloud  it  had  to  traverse.  In  the 
storm  at  Ordenburg,  in  1825,  mentioned  by  Dr.  Eversman, 
pyrites  was  found  in  the  centre,  and  had  acted  like  a  nucleus 

*  I  am  informed  by  a  friend,  that  this  action  of  camphor  was  mentioned 
twenty  years  since  by  Dr.  Hope  in  his  lectures,  but  I  am  not  aware  of  any- 
thing having  been  published  upon  the  subject. 
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round  which  the  crystallization  had  taken  place.  Where  the 
centre  is  not  formed  by  a  foreign  body  of  this  sort,  it  has  fre- 
quently been  mentioned  that  it  consisted  of  an  opake  nucleus 
of  a  spongy  nature,  like  congealed  snow,  which  may  be  easily 
accounted  for.  The  succession  of  concentric  layers  would  be 
caused  by  the  passage  of  the  particles  through  strata  of  liquid 
globules  not  all  at  the  same  temperature;  and  the  radiated 
structure  indicates  a  gradual  increase  of  crystalline  action  pro- 
ceeding from  the  centre.  The  temperature  of  the  hail-stones, 
which  has  generally  been  found  below  the  freezing-point,  is  a 
further  corroboration  of  this  view. 

The  formation  of  butter  is  likewise  in  all  probability  an- 
other instance  of  molecular  action  of  the  same  nature.  It  is 
well  known  that  after  the  cream  has  been  agitated  for  a  cer- 
tain  length  of  time,  the  globules  suddenly  coalesce,  and  by 
their  union  butter  is  produced.  The  sudden  appearance  of 
this  product  is  the  more  remarkable,  as  it  takes  place  at  dif- 
ferent temperatures,  although  more  quickly  at  some  than 
others,  and  not  gradually,  as  might  have  been  expected,  which 
precludes  the  idea  of  its  being  owing  to  any  caloric  developed 
by  friction.  The  most  minute  observations  have  been  unable 
to  show  any  material  alteration  in  the  appearance  of  the  fatty 
globules  at  the  moment  before  the  butter  is  formed.  Little 
doubt  can  be  entertained  of  its  being  caused  by  some  molecular 
action,  or  engendered  in  the  globules  by  the  continued  agita- 
tion they  have  undergone. 

Some  of  the  most  permanent  gases  likewise  exhibit  pheno- 
mena closely  allied  to  the  above,  by  their  action  on  platinum 
and  other  metals.  According  to  Dulong  and  Thenard,  pla- 
tinum foil  newly  beaten  has  the  property  of  acting  at  the  com- 
mon temperature,  on  a  mixture  of  hydrogen  and  oxygen;  but 
after  a  few  minutes'  exposure  to  the  air,  it  entirely  loses  that 
power,  which  may  however  be  restored  to  it  in  a  stronger 
degree  than  before  by  heating  it  in  a  covered  crucible.  If  it 
be  kept  in  a  covered  vessel,  so  as  to  exclude  the  air,  it  will 
retain  the  power  without  decrease  for  four-and-twenty  hours. 

Platinum  filings,  made  with  an  ordinary  sized  file,  have  the 
same  property  immediately  after  their  formation,  and  which 
they  retain  for  above  an  hour.  It  has  also  been  observed,  that 
a  hollow  ball  of  platinum  has  the  power  of  condensing  and 
absorbing  different  gases,  which  are  generally  disengaged  at 
a  temperature  below  the  boiling-point  (Pouillet,  Elemens  de 
Physique,  §  131).  The  action  of  the  gases  on  platinum  in  all 
the  above  cases  greatly  resembles  that  of  carbonic  acid  on 
glass,  except  that  not  merely  simple  lines,  but  the  whole  sur- 
face of  the  metal  exerts  its  influence,  and  that  the  gases  them- 
selves are  invisible. 

Phil.  Mag.  S.  3.  Vol.  28.  No.  1 85.  Feb.  1 846.  I 
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XXI.  Note  to  Mr.  Hennessy's  Paper  on  the  Connexion  be- 
tween the  Rotation  of  the  Earth  and  the  Geological  Changes 
of  its  Swface*. 

HPHE  values  of  Ix  and  K  must  be  altered,  as  some  incorrect 
*■       assumptions  were  made  in  obtaining  them.     This  alte- 
ration will   produce  no  changes  in  the  general  conclusions 
which  have  been  arrived  at. 

The  method  for  obtaining  the  moment  of  inertia  of  a  solid 
of  revolution  contained  in  equation  (3.),  appears  to  have  been 
inapplicable  to  the  case  of  the  internal  spheroid  of  the  earth 
from  the  nature  of  the  expression  for  p.  The  expression  for 
the  earth's  moment  of  inertia,  which  is  used  for  obtaining  the 
theoretical  coefficients  of  precession  and  nutation,  is,  however, 
adapted  to  our  purpose.     In  this  case  we  havefj 

'.=IK?)4{(M!)>v^-K*h 

When  this  value  of  K  is  substituted  in  (19.),  that  resulting 
for  P  will  evidently  be  less  than  what  has  been  already  found, 
and  it  will  give  an  amount  of  denudation  of  the  earth's  sur- 
face still  more  within  the  limits  of  geological  observations 
than  that  which  has  been  previously  obtained. 

H.  Hennessy. 


XXII.  Letter  to  Henry  Lord  Brougham,  F.R.S.,  fyc.,  con- 
taining Remarks  on  certain  Statements  in  his  Lives  of  Black, 
Watt  and  Cavendish.  By  the  Rev.  William  Vernon  Har- 
court,  F.R.S.  fyc. 

My  dear  Lord, 
|Na  volume  of  biography  which  you  have  lately  published, 
-*-  I  perceive  that  you  have  reprinted  your  contribution  to 
M.  Arago's  historical  notice  of  WTatt,  in  which  the  distin- 
guished author  attempted  to  transfer  to  the  subject  of  his 
eloge  the  credit  of  a  celebrated  chemical  discovery,  hitherto 
by  the  common  consent  of  chemists  attributed  to  Cavendish. 
Your  personal  challenge  to  myself  would  not  have  moved 
me  to  enter  again  on  a  question  which  I  scarcely  think  open 
to  dispute  since  the  publication  of  the  fac-similes  of  Caven- 
dish's original  notes  of  that  discovery,  in  the  Transactions  of  the 
British  Association  for  the  Advancement  of  Science,  had  I  not 

*  Phil.  Mag.  vol.  xxvii.  p.  376,  November  1845. 
f  Airy's  Tracts,  Precession  and  Nutation,  Art.  43. 
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observed,  as  it  seems  to  me,  other  mistakes  in  this  volume,  on 
points  of  scientific  history,  which,  venial  as  they  are  in  one 
who  cannot  be  supposed  to  have  devoted  much  of  his  valuable 
time  to  these  umbratile  studies,  are  yet  such  as  ought  not  to 
pass  without  some  notice. 

I  must  begin,  however,  my  criticisms  on  your  historical 
chemistry,  by  repeating  the  grounds  on  which  I  deemed  it 
needful  to  controvert  the  statements  of  M.  Arago  respecting 
the  discovery  of  the  composition  of  water.  "  The  elope  of 
Watt,  delivered  before  the  French  Academy  by  one  of  its 
secretaries,  and  subjoined  to  the  Annuaire  for  1839,  had  just 
been  published.  It  was  blemished  by  statements  which  re- 
flect unjustly  on  the  character  of  one  whose  memory  is  che- 
rished among  us  as  a  bright  example  of  the  union  of  modesty 
with  science,  of  the  purest  love  of  truth  with  the  highest  facul- 
ties for  its  discovery,  and  the  most  eminent  success  in  its  at- 
tainment. Perceiving  these  statements  to  be  founded  in  error, 
I  took  the  earliest  opportunity  of  rectifying  them,  at  the  meet- 
ing of  the  British  Association  which  followed  within  two  or 
three  weeks  after  I  became  acquainted  with  them,  rejoiced 
that  I  had  it  in  my  power,  from  the  position  in  which,  as 
President  of  that  body,  I  had  then  the  honour  to  be  placed, 
to  make  the  correction  of  the  error  as  formal  and  public  as 
its  promulgation  had  been  ;  and  persuaded  that  M.  Arago,  as 
soon  as  he  should  be  full}'  possessed  of  the  facts,  would  con- 
sider it  a  duty  which  he  owes  both  to  the  Academy  and  him- 
self, to  retract  the  suspicions  which  he  had  expressed*." 

Those  who  feel  that  a  sense  of  justice  is  a  material  part  of 
the  character  of  illustrious  men  and  illustrious  bodies,  are  still 
"  waiting,"  not  "  till  your  fellow  champion,"  as  you  express 
it,  "  shall  seal  your  adversary's  doom,"  but  till  he  makes  the 
amende  honorable  by  withdrawing,  in  explicit  terms,  imputa- 
tions which  since  the  lithographing  of  the  Cavendish  MSS. 
he  must  know  to  be  unfounded.  I  am  not  content,  my  dear 
Lord,  that  you  should  either  for  your  "  colleague"  or  yourself, 
half  retract  and  half  retain  those  doubts  which  I  perceive 
that  you  have  republished  in  one  part  of  your  volume,  whilst 
you  disclaim  them  in  another. 

"  I  cannot  easily  suppose,"  you  say,  "  that  M.  Arago  ever 
intended,  and  I  know  that  I  never  myself  intended,  to  insinuate 
in  the  slightest  degree  a  suspicion  of  Mr.  Cavendish  having 
borrowed  from  Mr.  Watt."  Certainly,  as  regards  yourself 
at  least,  no  declaration  can  be  more  explicit  than  this.  But 
what  then,  give  me  leave  to  ask,  is  the  significance  of  the  fol- 
lowing words  in  your  now  republished  appendix  to  M.  Arago's 
*  Report  of  the  British  Association  for  1839,  p,  22. 
12 
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iloge  ?  "  Whether  or  not  Mr.  Cavendish  had  heard  of  Mr. 
Watt's  theory  previous  to  drawing  his  conclusions,  appears 
more  doubtful :  the  supposition  that  he  had  so  heard  rests  on 
the  improbability  of  Sir  C.  Blagden  and  many  others  Jcnow- 
ing  what  Mr.  Watt  had  done  and  not  communicating  it  to 
Mr.  Cavendish,  and  on  the  omission  of  any  assertion  in  Mr. 
Cavendish's  paper,  even  in  the  part  written  by  Sir  C.  Blagden 
with  the  view  of  claiming  priority  as  against  M.  Lavoisier, 
that  Mr.  Cavendish  had  drawn  his  conclusion  before  April 
1783.  Mr.  Watt's  theory  was  well  known  among  the  mem- 
bers of  the  Society  some  months  before  Mr.  Cavendish's  state- 
ment appears  to  have  been  reduced  into  writing,  and  eight 
months  before  it  was  presented  to  the  Society.  That  the  first 
letter  of  April  1783  was  for  some  time, — two  months  as  appears 
from  the  papers  of  Mr.  Watt, — in  thehandsof  Sir  Joseph  Banks 
and  other  members  of  the  Society  during  the  preceding 
spring,  is  certain  from  the  statements  in  the  note  to  p.  330  ; 
and  that  Sir  C.  Blagden,  the  Secretary,  should  not  have  seen 
it  seems  impossible,  for  Sir  Joseph  Banks  must  have  delivered 
it  to  him  at  the  time  when  it  was  intended  to  be  read  at  one 
of  the  Society's  meetings  (Phil.  Trans,  p.  330,  note) ;  and  as 
the  letter  itself  remains  among  the  Society's  records  in  the 
same  volume  with  the  paper  into  which  the  greater  part  of  it 
was  introduced,  it  must  have  been  in  the  custody  of  Sir  C. 
Blagden.  It  is  equally  difficult  to  suppose  that  the  person 
who  wrote  the  remarkable  passage  already  referred  to  respect- 
ing Mr.  Cavendish's  conclusions  having  been  communicated 
to  M.  Lavoisier,  should  not  have  vientioned  to  Mr.  Caven- 
dish that  Mr.  Watt  had  drawn  the  same  conclusion  in  the 
spring  of  1783,  that  is,  in  April  at  the  latest',  for  the  con- 
clusions are  identical,  with  the  single  difference  that  Mr. 
Cavendish  calls  dephlogisticated  air  water  deprived  of  its 
phlogiston,  and  Mr.  Watt  says  that  water  is  composed  of  de- 
phlogisticated air  and  phlogiston." — (Life  of  Watt,  pp.  396- 
398.) 

To  what  does  all  this  argument  tend  ? — Would  it  lead  any 
one  to  guess  that  you  mean  to  acquit  Cavendish  of  plagiarism, 
or  that  "you  have  yourself,"  as  you  elsewhere  affirm,  "  always 
been  convinced  that  Mr.  Watt  had,  unknown  to  Cavendish, 
anticipated  his  great  discovery  ?  "  Allowing  a  certain  interval 
of  time  and  place,  I  should  not  wonder  at  your  having  for- 
gotten or  laid  aside  your  doubts  whether  Cavendish,  with 
the  connivance  of  Blagden,  had  not  purloined  the  conclusions 
of  Watt ;  but  I  have  never  before  known  an  instance  of  so 
deliberate  a  disavowal  of  a  suspicion  contemporaneous  and  in 
juxtaposition  with  its  no  less  deliberate  reiteration. 
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Your  reprinting  now  these  old  doubts  is  the  more  unac- 
countable, not  only  because  they  consist  so  ill  with  your  pro- 
fession of  belief  in  the  good  faith  of  Cavendish,  and  are  indeed 
a  mere  trifling  after  that  point  has  been  satisfactorily  esta- 
blished, but  because  I  have  corrected  the  particular  error  out 
of  which  this  tissue  of  suspicions  was  spun  ;  and  you  are  now 
apprised  that  the  Secretary  of  the  Royal  Society  at  that  time 
was  Mr.  Maty,  and  not,  as  you  persist  in  taking  for  granted, 
Cavendish's  friend  Dr.  Blagden,  who  did  not  enter  on  the 
office  till  May  1784.  "  So  that,"  as  I  told  you  in  the  Appendix 
to  my  address  to  the  British  Association,  "he  is  not  liable  to 
the  suspicion  intimated  by  Lord  Brougham,  of  having  shown 
Watt's  letter  to  Cavendish,  nor  to  the  reproach  which  M. 
Arago  casts  upon  him,  of  not  speaking  the  whole  truth  respect- 
ing the  precise  date  at  which  Watt's  opinions  were  made 
known  in  London." 

The  confidence  which  you  place,  with  so  much  simplicity,  in 
the  innocence  of  M.  Arago's  "  intentions"  contrasts  strangely 
with  the  disposition  you  have  shown  to  suspect  Cavendish  and 
Blagden :  for  M.  Arago  does  not,  like  yourself,  "just  hint  a 
fault,"  but  retorts  in  good  set  terms  on  the  English  philoso- 
phers the  imputation  which  Blagden  had  cast  on  Lavoisier, 
"That  he  had  told  the  truth,  but  not  the  whole  truth."  "This 
is  a  heavy  charge,"  says  your  illustrious  colleague;  "let  us 
see  whether  all  w/io  took  part  in  this  affair  are  not  liable  to 
the  same  reproach;" — and  then  in  a  style  of  pointed  irony, 
into  the  spirit  of  which  I  should  have  thought  you  apt  enough 
to  enter,  he  proceeds  to  fix  the  charge  on  all  the  parties  con- 
cerned. 1  believe  I  have  given  no  more  than  the  plain  mean- 
ing of  these  clever  sarcasms  when  I  said,  "  The  Secretary  of 
the  Academy  has  not  confined  himself  to  taking  from  Caven- 
dish the  honour  of  this  discovery,  but  has  in  fact  imputed  to 
him  the  claiming  a  discovery  which  he  borrowed  from  another; 
of  inducing  the  Secretary  of  the  Royal  Society  to  aid  in  the 
fraud,  and  even  causing  the  very  Printers  of  the  Transactions 
to  antedate  the  presentation  copies  of  his  paper." 

The  real  truth  is,  that  M.  Arago  having,  when  in  England, 
heard  but  one  side  of  the  story,  was  persuaded  of  the  insin- 
cerity of  Cavendish.  If  he  is  now  disabused  of  this  persua- 
sion, I  hope  he  will  choose  another  method  of  withdrawing 
what  he  wrote  under  such  an  impression  than  that  which  you 
have  framed  for  him  in  the  following  protest.  "  As  a  strange 
notion  seems  to  pervade  this  paper  that  every  thing  depends 
on  the  character  of  Cavendish,  it  may  be  as  well  to  repeat  the 
following  disclaimer,  already  very  distinctly  made,  of  all  in- 
tention to  cast  the  slightest  doubt  upon  that  great  man's  per- 
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feet  good  faith  in  the  whole  affair,  I  never  having  supposed 
that  he  borrowed  from  Mr.  \\  att,  though  M.  Arago,  Pro- 
fessor Robison  and  Sir  H.  Davy,  as  well  as  myself,  have 
always  thought  that  Mr.  Watt  had,  unknown  to  him,  antici- 
pated his  great  discovery." 

Of  the  deceased  philosophers,  whose  names  are  here  pressed 
into  this  service,  I  shall  presently  have  occasion  to  speak ;  but 
let  me  first  venture  to  answer  for  M.  Arago,  that  if  he  has 
"  read  the  fac-similes"  of  Cavendish's  notes,  you  will  not  find 
him  at  the  same  loss  as  yourself  to  discover  the  inferences  of 
the  experimental  philosopher  in  the  steps  of  his  investigation', 
he  will  not  join  you  in  propounding,  "  that  in  all  Cavendish's 
diaries  and  notes  of  his  experiments,  not  an  intimation  occurs 
of  the  composition  of  water  having  been  inferred  by  him  earlier 
than  Mr.  Watt's  paper  of  spring  1783." 

Those  celebrated  experiments  of  1781,  which  pass  with 
chemists  for  a  model  of  a  well-combined  train  of  analytical 
and  synthetical  research,  you  imagine  to  have  been  without 
object  or  inference,  till  an  imperfect  attempt  to  repeat  them 
had  the  good  luck  to  be  reasoned  upon  by  Watt  in  1783. 
You  appear  to  think  that  the  manner  in  which  the  great  facts 
of  experimental  philosophy  are  ascertained  is  by  one  man's 
stumbling  on  the  proofs,  and  another  some  time  after  hitting 
on  the  conclusion.  If  it  be  so,  I  believe  that  you  would  have 
been  as  capable  of  interpreting  such  experiments,  once  made, 
as  James  Watt  himself;  and  could  you  have  been  at  hand 
when  Cavendish,  in  July  1781,  completed  the  discovery  of 
those  facts  which  prove  the  composition  of  water,  he  need  not 
have  waited  so  long  to  learn  what  to  infer  from  them :  I  doubt 
not  but  that  you  would  at  once  have  drawn  the  inference  for 
him,  established  the  theory,  and  become  for  ever  memorable  as 
the  true  discoverer  ;  you  would,  in  your  own  amended  phrase, 
"  unknown  to  him,  have  anticipated  his  great  discovert/." 

But  I  own  I  do  not  suspect  your  w  colleague"  of  these  pecu- 
liar views.  Once  satisfied  that  Cavendish  spoke  truth  when 
he  said  that  all  the  experiments  on  this  subject  published  in 
his  paper  were  made  by  him  in  the  summer  of  1781,  he  will 
no  longer  doubt  to  whom  the  discovery  of  this  important  fact 
is  due ;  once  convinced  that  the  experiments  were  communi- 
cated to  Priestley,  and  that  the  attempt  to  repeat  them  was 
made  in  consequence  of  that  communication;  once  aware 
that  the  repetition  was  abortive  because  made  with  a  wrong 
gas,  that  neither  the  phlogiston  nor  the  inflammable  air  of 
Priestley  and  Watt  were  convertible  terms  for  hydrogen,  and 
that  their  notions  of  the  change  of  water  into  air  and  air 
into  water  had  no  reference  to  that  particular  gas,  but  first  to 
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nitrogen,  and  afterwards  to  a  mixture  of  gases,  the  chief  of  which 
was  carbonic  oxide- -M.  Arago  will  keep  you  "waiting"  long 
before  he  rejoins  you  in  the  advocacy  of  any  part  of  the  sup- 
posed claims  of  your  client,  or  thanks  you  lor  classing  him 
with  yourself  as  still  cherishing  the  conviction  that  "  Mr. 
Watt  had,  unknown  to  Cavendish,  anticipated  his  great  disco- 
very." 

That  which  renders  the  self-devotion  of  this  knight-errantry 
complete,  is  the  singular  fact  that  you  are  fighting  for  Watt 
against  himself.  I  had  formerly  come  to  the  conclusion  that 
he  never  thought  of  claiming  the  discovery  in  the  sense  which 
you  suppose,  nor  in  any  other  respect  than  as  regards  the 
theory  of  the  extrication  of  heat  and  light  from  the  combining 
gases ;  and  a  circumstance  has  lately  been  pointed  out  to  me 
by  a  friend,  which  establishes  this  conclusion. 

The  edition  of  Robison's  Mechanical  Philosophy,  published 
by  Sir  D.  Brewster,  was  revised  by  WTatt  himself.  In  that 
revision  we  find  him  by  no  means  indifferent  to  his  own  just 
fame.  Writing  to  the  Editor  he  says,  "  I  have  carefully  per- 
used my  late  excellent  friend  Dr.  Robison's  articles,  '  Steam 
and  Steam-Engines/  in  the  Encyclopaedia  Britamiica,  and  have 
made  remarks  upon  them  in  such  places,  where  either  from  the 
want  of  proper  information,  or  from  too  great  a  reliance  on 
the  powers  of  his  extraordinary  memory  at  a  period  when  it 
probably  had  been  weakened  by  a  long  state  of  acute  pain, 
and  by  the  remedies  to  which  he  was  obliged  to  have  recourse, 
he  had  been  led  into  mistakes  in  regard  to  facts,  and  also  in 
some  places  where  his  deductions  have  appeared  to  me  to  be 
erroneous.  Dr.  R.  qualifies  me  as  '  the  pupil  and  intimate 
friend  of  Dr.  Black  :'  he  afterwards,  in  his  dedication  to  me 
of  Dr.  Black's  Lectures  upon  Chemistry,  goes  the  length  of 
supposing  me  to  have  professed  to  owe  my  improvements  upon 
the  steam-engine  to  the  instructions  and  information  I  had  re- 
ceived from  that  gentleman,  which  was  certainly  a  misappre- 
hension ;  as  though  I  always  felt  and  acknowledged  my  obliga- 
tions to  him  for  the  information  I  had  received  from  his  con- 
versation, and  particularly  for  the  knowledge  of  the  doctrine 
of  latent  heat,  I  never  did  nor  could  consider  my  improvements 
as  originating  in  those  communications.  He  is  also  mistaken 
in  his  assertion,  p.  8  of  the  preface  to  the  above  work,  that  I 
had  attended  two  courses  of  the  Doctor's  lectures;  for  unfor- 
tunately for  me,  the  necessary  avocations  of  my  business  pre- 
vented me  from  attending  his  or  any  other  lectures  at  College." 
Mr.  Watt  then  quotes  from  these  lectures  a  passage  in  which 
Black  is  made  to  say,  "  My  own  fortunate  observation  of 
what  happens  in  the  lormation  and  condensation  of  steam,  had 
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suggested  to  my  friend  Mr.  Watt  his  improvements  in  the 
steam-engine,"  and  remarks,  "  it  is  very  painful  to  me  to  con- 
trovert any  assertion  or  opinion  of  my  revered  friend  ;  yet  in 
the  present  case  I  find  it  necessary  to  say  that  he  appears  to 
have  fallen  into  an  error*." 

But  in  revising  the  article  on  Steam,  and  making  remarks 
on  those  places  in  which  Dr.  Robison  had  been  led  into  mis- 
takes, Watt  makes  no  remark  on  the  following  very  decisive 
passage: — "We  know  that  in  vital  or  atmospheric  air  there  is 
not  only  a  prodigious  quantity  of  fire  which  is  not  in  the  vapour 
of  water,  but  that  it  also  contains  light,  or  the  cause  of  light,  in  a 
combined  state.  This  is  fully  evinced  by  the  great  discovery  of' 
Mr.  Cavendish  of  the  composition  of  water:  there  we  are  taught 
that  water,  and  consequently  its  vapour,  consists  of  air  from 
which  the  light  and  greatest  part  of  the  fire  have  been  sepa- 
rated ;  and  the  subsequent  discoveries  of  the  celebrated  Lavoi- 
sier show  that  almost  all  the  condensable  gases  with  which  we 
are  acquainted,  consist  either  of  airs  which  have  lost  much  of 
their  fire,  and  perhaps  light  too,  or  of  matters  in  which  we  have 
no  evidence  of  light  and  fire  being  combined  in  this  manner." 

Thus  you  see,  that  jealous  as  Watt  appears  of  any  undue 
share  in  his  own  discoveries  being  attributed  even  to  his 
"  revered  friend"  Dr.  Black,  he  allows  "  the  great  discovery  of 
the  composition  of  water"  to  be  assigned  to  Cavendish  without 
reclaiming  the  least  participation  in  it  for  himself. 

These  extracts  entirely  relieve  his  memory  from  any  sus- 
picion of  his  having  been  a  party  to  the  erroneous  statements 
contained  either  in  the  article  'Water'  in  the  first  edition  of  the 
Encyclopaedia Britannica^to  which  you  have  referred,  or  in  the 
posthumous  lectures  of  Black.  Nor  do  I  hold  Black  responsible 
for  the  fabulous  history  of  this  discovery  given  in  the  latter 
work.  It  is  well  known  that  that  unambitious  man  left  behind 
him  no  MSS.  of  any  account,  and  that  the  Lectures  published 
under  his  name  were  chiefly  composed  out  of  the  reminis- 
cences of  the  able  but  incorrect  Editor.  Robison,  on  historical 
points,  was  a  very  inaccurate  writer ;  and  to  his  inaccuracy  I 
attribute  the  extraordinary  string  of  errors  on  this  subject 
which  I  have  formerly  pointed  out. 

It  is  from  the  latter  work  that  you  seem  to  have  taken  your 

*  I  conceive  Watt  to  mean  that  the  facts  known  to  him  respecting  the 
condensation  of  steam,  independent  of  Black's  theoretical  explanation  of 
them,  were  the  foundation  of  his  improvements  ;  and  I  am  bound  there- 
fore,  on  his  own  showing,  to  allow  that  M.  Arago  has  done  right  in  not 
placing  the  merit  of  Watt  in  the  study  and  application  of  abstract  philo- 
sophical principles,  so  much  as  in  ingenuity  of  mechanical  contrivance  and 
the  happy  adaptation  of  well-observed  facts. 


relative  to  Black,  Watt,  and  Cavendish.  113 

supposed  facts;  and  you  have  in  consequence  entirely  mis- 
stated the  nature  of  Cavendish's  experiments.  Where,  allow 
me  to  ask,  do  you  find  in  his  paper,  or  his  notes,  any  such 
matter  as  this?  "He  then  weighed  accurately  the  air  of  both 
kinds,  which  he  exposed  to  the  stream  of  electricity  ;  and  he 
afterwards  weighed  the  liquid  formed  by  the  combustion  :  he 
found  that  the  two  weights  corresponded  with  great  accuracy  " 
(Life  of  Cavendish,  p.  433):  and  again,  "  Water  equal  to  the 
weight  of  the  two  gases  taken  together  remained  as  the  produce 
of  the  combustion."  Cavendish  made  no  such  experiments ;  as 
you  will  find  whenever  you  take  the  trouble  to  read  either  the 
documents  themselves*,  or  my  account  of  themf.  I  have 
already  stated  that  this  method  of  determining  the  composition 
of  water,  which  is  attended  with  great  practical  difficulties,  was 
tried  indeed  at  a  later  time  by  the  French  philosophers  with 
such  accuracy  as  it  admits  of,  but  that  Cavendish,  with  his  usual 
sagacity,  had  taken  an  easier  and  more  certain  road  :  having 
mastered  beyond  any  of  his  cotemporaries  the  analysis  of  gases, 
and  possessed  himself  of  their  specific  properties,  he  was  enabled 
to  substitute  the  method  of  volume  for  that  of  weight ;  he 
found  that  about  two  volumes  of  hydrogen  and  one  of  oxygen, 
when  burnt  together,  entirely  disappeared  without  loss  of 
weight,  and  that  pure  'water  was  the  result.  To  draw  from 
these  premises  the  obvious  conclusion,  there  was  no  need  to 
weigh  or  compare  the  weight  of  the  airs,  and  the  water  that 
lined  the  glass  after  combustion ;  and  he  did  not  compare  it. 
Lavoisier  followed  in  his  steps  :  and  should  you  ever  read  his 
papers,  you  will  find  that  he  too  in  the  first  instance  contented 
himself  with  deducing  the  equality  of  the  weights  as  a  corollary 
from  experiments  of  the  same  kind  as  those  of  Cavendish. 

Had  you  happened  to  consult  the  second  edition  of  the  En- 
cyclopaedia Britannica  as  well  as  the  fast,  you  would  have  found 
it  purged  both  of  these,  and  some  other  of  Robison's  historical 
mistakes.  You  would  have  found  all  that  you  have  referred 
to  omitted ;  and  in  the  article  '  Chemistry,'  compiled  under  the 
revision  of  friends  and  connections  of  Watt,  the  following  ac- 
count substituted  in  its  place.  "In  the  year  1781,  Mr.  Caven- 
dish proved  that  water  is  not  a  simple  element,  but  that  it  is 
composed  of  pure  or  vital  air,  and  inflammable  air."  "  In 
the  mean  time  the  French  chemists  were  not  idle ;  the  cele- 
brated Lavoisier,  in  conjunction  with  some  of  his  philosophical 
friends,  confirmed  by  the  most  decisive  experiments  the  truth 
of  Mr.  Cavendish's  discovery  of  the  composition  of' water,  which 

*  Phil.  Trans,  vol.  lxxiv.     Experiments  on  Air,  by  H.  Cavendish,  Esq. 
Report  of  the  British  Association  for  1839,  autograph  notes  of  experiments. 
f  Report  of  the  British  Association  for  1839,  pp.  35,  36. 
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was  now  received  and  adopted  by  almost  every  chemist."  A 
detailed  account  is  then  given  of  Cavendish's  experiments ; 
and  it  is  added,  "these  experiments  were  made  in  1781,  and 
they  are  undoubtedly  conclusive  of  the  composition  of  water. 
It  would  appear  that  Mr.  Watt  entertained  the  same  ideas  on 
this  subject.  When  he  was  informed  by  Dr.  Priestley  of  the 
result  of  these  experiments,  he  observed,  Let  us  consider 
what  obviously  happens  in  the  deflagration  of  oxygen  and  hy- 
drogen gases,"  &c.  "Thus  it  appears  that  Mr.  Watt  had  a 
just  view  of  the  composition  of  water,  and  of  the  nature  of  the 
process  by  which  its  component  parts  pass  to  a  liquid  stale  from 
that  of  an  elastic  fluid." 

In  this  account  the  ideas  entertained  by  Mr.  Watt  obtain  more 
notice  perhaps  than  would  have  been  accorded  to  them  by  anin- 
different  historian;  but  the  statement  of  the  discovery  is  correct, 
as  is  also  that  of  the  view  which  Watt  took  of  the  subject,  if  we 
confine  the  assertion  of  the  justness  of  his  ideas  to  his  appre- 
hension of  the  relation  of  Cavendish's  discovery  to  certain 
theories  of  light  and  heat ;  for  of  the  material  base  of  water  he 
had  certainly  no  just  conception  when  he  wrote  the  letter 
which  is  quoted  above.  I  have  shown  that  his  views  in  1783 
and  1784  were  founded  on  several  suppositions: — 1st,  that 
Priestley  had  converted  water  into  atmospheric  air;  2nd,  that 
he  had  obtained  a  weight  of  water  equal  to  the  weight  of  a 
mixture  of  oxygen  with  the  gases  extricated  by  heat  from  moist 
charcoal',  3rd,  that  he  had  shown  good  reason  to  believe  that 
carbon,  combined  in  a  certain  proportion  with  oxygen,  con- 
stitutes water.  All  these  suppositions  agreed  perfectly  with 
the  opinions  which  Watt  really  expressed,  that  water  was 
formed  of  dephlogisticated  air  and  phlogiston  ;  but  no  one  of 
them  is  consistent  with  the  opinions  attributed  to  him  by  an 
erroneous  translation  of  his  words,  that  water  is  formed  by  the 
combination  of  oxygen  with  hydrogen  gas*. 

From  your  mention  of  Sir  H.  Davy's  sentiments  without  a 
quotation,  I  suppose  that  he,  like  Dr.  Henry,  has  been  among 
the  number  of  those  on  whose  attention  this  untenable  claim 
has  been  privately  pressed  ;  all  I  know  of  Davy's  opinion  on 
the  subject  is  from  his  published  works,  in  which  he  has  spoken, 
like  other  chemists,  of  the  composition  of  water  and  of  nitric 
acid  as  "  the  two  grand  discoveries  of  Mr.  Cavendish."  But  in 
referring  to  the  name  of  this  much-honoured  and  regretted 
friend,  I  must  take  the  opportunity  of  noticing  what  I  think  a 
serious  error  in  your  impressions  respecting  one  point  in  his 
personal  character.  You  begin  your  sketch  of  his  life  with  these 
words:  "Sir  H.Davy  being  now  removed  beyond  the  reach  of 
*  See  Report  of  the  British  Association  for  1839,  pp.  24,  25. 
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such  feelings,  as  he  ought  always  to  have  been  above  their  influ- 
ence, that  may  be  said  without  offence  of  which  he  so  disliked 
the  mention;  he  had  the  honour  of  raising  himself  to  the  highest 
place  among  the  chemical  philosophers  of  the  age,  emerging  by 
his  merit  alone  from  an  obscure  condition."  A  simple  anecdote 
may  suffice  to  set  his  feelings  on  this  subject  in  a  more  favour- 
able light.  When  Davy  was  exhibiting  to  myself  and  three 
others  the  discoveries  which  he  had  then  recently  made  rela- 
tive to  his  safety-lamp,  and  when  those  present,  among  whom 
were  the  Hanoverian  minister  and  the  late  Lord  Lonsdale, 
were  highly  admiring  the  beauty  of  his  experiments,  with  still 
higher  admiration  I  heard  him  reply,  "Yes,  1  have  some  rea- 
son to  be  proud  of  them,  for  my  experiments  on  flame  were 
first  made  with  a  tallow  candle  in  an  apothecary's  shop." 

In  these  slight  sketches  which  you  have  given  us  of  the 
history  of  men  eminent  in  science,  tnere  is  one  other  scientific 
subject  besides  the  discovery  of  the  composition  of  water,  on 
which  you  appear  to  have  bestowed  some  consideration, 
namely, — the  first  discoveries  of  the  gases.  Here  Cavendish 
is  still  out  of  favour  with  you.  You  pluck  another  feather 
from  his  wing ;  and  having  made  a  present  of  the  discovery 
of  water  to  Mr.  Watt,  dispense  that  of  hydrogen  gas  to  Dr. 
Black. 

"The  nature  of  hydrogen,"  you  say,  "  was  perfectly  known 
to  him,  and  both  its  qualities  of  being  inflammable,  and  of 
being  so  much  lighter  than  atmospheric  air ;  for  as  early  as 
1766  he  invented  the  air-balloon,  showing  a  party  of  his  friends 
the  ascent  of  a  bladder  filled  with  inflammable  air:  Mr. 
Cavendish  only  more  precisely  ascertained  its  specific  gravity, 
and  showed,  what  Black  could  not  have  been  ignorant  of,  that 
it  is  the  same  from  whatever  substance  it  is  obtained*." 

You  ought  to  have  recollected,  when  again  contravening  the 
received  opinion  of  chemists  f,  your  own  remarks  on  the  sup- 
posed omission  of  Cavendish  to  state  exactly  the  time  when 
he  had  communicated  to  Priestley  his  experiments  on  the  com- 
position of  water.  "  Dans  une  addition  de  Blagden  faiteavec 
le  consentement  de  Cavendish,  on  donne  aux  experiences  de 
ce  dernier  le  date  de  l'ete"  de  1781.  On  cite  une  communica- 
tion de  [a]  Priestley,  sans  en  preciser  I'epoque,  sans  parler  de 
conclusions,  sans  meme  dire  quand  ces  conclusions  se  pre- 

*  Life  of  Black,  p.  383. 

t  The  received  account  of  the  discovery  of  hydrogen  is  this : — "  Its  com- 
bustible quality  is  described  in  the  works  of  Boyle  and  Hales,  of  Boerhaave 
and  Stahl;  but  it  was  not  till  the  year  1766  that  its  properties  were  par- 
ticularly ascertained,  and  the  difference  between  it  and  atmospheric  air 
pointed  out  by  Mr.  Cavendish." — Encycl.  Brit.,  Art.  Chemistry,  1810. 
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sentaient  a  l'esprit  de  Cavendish.  Ceci  doit  etre  regarde 
comme  une  tres  grosse  omission  [a  most  material  omission*)." 
Nothing  indeed  can  be  more  unfounded  than  this  animadver- 
sion. In  the  passage  to  which  you  refer,  the  words  of  Caven- 
dish are  these: — "  All  the  foregoing  experiments  on  the  ex- 
plosion of  inflammable  air  with  common  and  dephlogisticated 
airs,  except  those  which  relate  to  the  cause  of  the  acid  found 
in  the  water,  were  made  by  me  in  the  summer  of  1781,  and 
mentioned  by  me  to  Dr.  Priestley,  who  in  consequence  of  it 
made  some  experiments  of  the  same  kind,  as  he  relates  in  a  paper 
printed  in  a  preceding  volume  of  the  Transactions."  Now  you 
need  only  have  referred  to  the  volume  of  the  Transactions 
which  Cavendish  quotes,  to  have  found  the  "  epoch"  which  you 
wanted.  Priestley's  paper  was  printed  in  March  1783;  and 
therefore  Cavendish's  communication  of  his  "  conclusive"  ex- 
periments was  anterior  to  Watt's  speculations  in  April,  as  well 
as  to  Lavoisier's  experiments  in  June  of  the  same  year. 

But  though  this  "  most  material"  or  in  M.  Arago's  transla- 
tion, this  "grosse"  omission  turns  out  to  be  none,  you  ought, 
I  repeat  it,  to  have  remembered  your  own  demand  for  pre- 
ciseness  of  dates,  when  you  ascribed  to  Black  a  prior  know- 
ledge of  the  distinguishing  properties  of  hydrogen  gas.  In 
proof  that  Black  knew  before  Cavendish  that  this  gas  is  *.*  so 
much  lighter  than  atmospheric  air"  you  allege,  that  "  as  early 
as  1766  he  invented  the  air-balloon,  showing  a  party  of  his 
friends  the  ascent  of  a  bladder  filled  with  inflammable  air : 
Mr.  Cavendish  only  more  precisely  ascertained  its  specific 
gravity." 

As  early  as  1766? — Are  you  not  aware  that  Cavendish's 
paper  on  factitious  airs  was  published  in  this  year  ?  Is  it  not 
a  "  most  material  omission"  that  you  have  forgotten  to  lipre- 
ciser  I'epoque"  of  Black's  experiment  with  the  balloon,  so  as  to 
show  whether  it  was  before  or  after  the  publication  of  Caven- 
dish's paper  ?  Professor  Leslie  tells  the  story  of  the  balloon 
somewhat  differently  from  you.  "The  late  most  ingenious 
and  accurate  Mr.  Cavendish,  in  1766,  found,  by  a  most  nice 
observation,  this  fluid  to  be  at,  least  seven  times  lighter  than 
atmospheric  air.  It  therefore  occurred  to  Dr.  Black  of  Edin- 
bro',  that  a  very  thin  bag  filled  with  hydrogen  gas  would  rise 
to  the  ceiling  of  a  room.  He  provided  accordingly  the  allan- 
tois  of  a  calf,  with  a  view  of  showing  at  a  public  lecture  such 
a  curious  experiment  before  his  numerous  auditors;  but  owing 
to  some  unforeseen  accident  or  imperfection  it  chanced  to  fail, 
and  that  celebrated  Professor,  whose  infirm  state  of  health 
and  indolent  temper  more  than  once  allowed  the  finest  dis- 

*  Historical  note,  Life  of  Watt,  p.  383. 
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coveries  when  almost  within  his  reach  to  escape  his  penetra- 
tion, did  not  attempt  to  repeat  the  exhibition,  or  seek  to  pur- 
sue the  project  any  further." 

If  you  are  dissatisfied  with  Leslie's  version  of  your  anecdote, 
let  me  refer  you  to  other  authorities.  In  one  of  those  articles 
of  the  Encyclopedia  Britannica  which  are  stated  to  have  been 
composed  or  revised  by  Professor  Miller,  Dr.  Muirhead,  and 
Sir  David  Brewster,  the  circumstance  is  thus  narrated  : — "  In 
the  year  1766  Mr.  Henry  Cavendish  ascertained  the  weight 
and  other  properties  of  this  gas,  determining  it  to  be  at  least 
seven  times  lighter  than  atmospheric  air.  Soon  after  which 
it  occurred  to  Dr.  Black  that  perhaps  a  thin  bag  filled  with 
hydrogen  gas  might  be  buoyed  up  by  the  common  atmo- 
sphere." 

I  hope  I  have  now  illustrated  sufficiently  the  value  of  the  ca- 
non of  criticism  which  you  have  laid  down  for  these  delicate  in- 
quiries,— that  nothing  is  so  necessary  as  to  "preciser  I'epoque." 

"  Cavendish,"  you  say,  "  only  more  precisely  ascertained 
the  specific  gravity  of  inflammable  air ;  and  showed,  what 
Black  coidd  not  be  ignorant  of,  that  it  is  the  same  from  what- 
ever substance  it  is  obtained"  Now,  in  the  first  place,  inflam- 
mable air  is  not  the  same  from  whatever  substance  it  is  obtained. 
This  was  the  error  into  which  Priestley  fell  when  he  attempted 
to  repeat  the  experiments  by  which  Cavendish  had  discovered 
the  composition  of  water ;  this  was  the  error  under  which 
Watt  laboured  till  after  the  publication  of  Cavendish's  paper 
in  1784,  and  which  nullified  the  researches  of  the  one  and 
the  speculations  of  the  other.  But  supposing  you  to  mean 
"that  inflammable  air  is  the  same,  whether  obtained  from  zinc 
or  iron,"  why  do  you  say  that  Black  could  not  be  ignorant  of 
that?  How  do  you  think  he  was  to  know  it?  How  did 
Cavendish  know  it?  He  tells  you  that  he  learnt  it  by  having 
ascertained  by  experiment  that  the  specific  gravity  of  the  gas 
from  either  material  was  the  same.  Had  Black  ascertained 
this  ?  Had  he  any  test  whatever  by  which  he  could  know  that 
these  gases  were  the  same  ? 

But  Cavendish  iionly  more  precisely  ascertained  the  specific 
gravity  of  inflammable  air."  If  any  person  conversant  in  the 
history  of  pneumatic  discoveries  were  to  be  asked  to  enume- 
rate the  most  important  of  the  early  advances  in  that  branch 
of  science,  he  would  certainly  name — 1st,  the  discovery  of  the 
weight  of  the  air  by  Galileo ;  2nd,  the  discoveries  of  its  law 
of  compression,  and  of  the  factitious  gases,  by  Boyle ;  3rd, 
the  theory  of  the  fixation  of  gases  by  chemical  attraction, 
propounded  by  Newton ;  4th,  the  discovery  of  specific  and 
elective  affinities  in  one  of  those  gases,  by  Black ;  5th,  the 
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discovery  of  the  difference  of  specific  gravity  in  several  gases, 
by  Cavendish. 

You  do  not  distribute  their  honours  to  any  of  these  great 
discoverers  with  a  severe  attention  to  matter  of  fact ;  but  I 
must  do  you  the  justice  to  own  that  you  preserve  a  principle 
of  equity  in  your  adjudications.  You  omit,  it  is  true,  to  dwell 
upon,  or  even  to  mention,  the  main  point  of  novelty  in  the  re- 
searches of  Black  ;  but  then  you  give  to  Black  the  discoveries 
of  Boyle  and  Cavendish,  and  make  it  up  to  Cavendish  by  allow- 
ing him  a  slice  of  the  merit  which  belongs  to  Galileo. 

For  Cavendish  you  say,  "  He  carried  his  mathematical 
habits  into  the  laboratory;  and  not  satisfied  with  showing  the 
other  qualities  which  make  it  clear  that  these  two  aeriform  sub- 
stances are  each  sui  generis,  and  the  same  from  whatever  sub- 
stances, by  whatever  processes  they  are  obtained, — not  satis- 
fied with  the  mere  fact  that  one  of  them  is  heavier,  and  the 
other  much  lighter  than  atmospheric  air,"  (a  previous  ac- 
quaintance with  all  which  facts  you  have  taken  care  to  ascribe 
to  Dr.  Black)  "  he  inquired  into  the  precise  numerical  relation 
of  their  specific  gravities  with  one  another  and  with  common 
air,  and  Jirsl  showed  an  example  of  weighing  permanently  elastic 
Jluids :  unless  indeed  Torricelli  may  be  said  before  him  to  have 
shown  the  relative  weight  of  a  column  of  air  and  a  column  of 
mercury,  or  the  common  pump  to  have  long  ago  compared  in 
this  respect  air  with  water.  It  is  however  sufficiently  clear 
that  neither  of  these  experiments  gave  the  relative  measure  of 
one  air  with  another;  nor  indeed  could  they  be  said  to  com- 
pare common  air  with  either  mercury  or  water,  although  they 
certainly  showed  the  relative  specific  gravity  of  the  two  bodies, 
taking  air  for  the  middle  term  or  common  measure  of  their 
weights." 

What  a  strange  qualification  of  a  still  stranger  assertion  ! 
If  instead  of  this  confusion  of  specific  gravities  with  equipon- 
derant columns,  ending  with  the  grave  suggestion,  that  "  the 
relative  specific  gravities  of  water  and  mercury  "  might  have 
been  taken  by  the  intermediation  of  "  air,"  you  had  said  that 
philosophers  have  attempted,  from  the  relative  heights  of  the 
barometer  at  different  elevations,  to  calculate  the  mean  spe- 
cific gravity  of  the  atmosphere*,  there  would  have  been  mean- 

*  The  following  quotation  will  show  the  nature  of  these  calculations 
(Dan.  Bernoulli  Joh.  Fil.  Hydrodynainica,  ilrgcntorati,  1738.  Sect.  10.  16. 
p.  209)  : — "  Patet  exinde  quid  censendum  sit  de  ilia  methodo  qua  in  Anglia 
aliquando  usos  esse  recenset  D.  Du  Hamel,  in  Hist.  Acad.  Sc.  Paris,  ad 
indagandam  rationem  inter  gravitates  specificas  aeris  et  mercurii  :  ob- 
servata  nimirum  altitudine  mercurii  in  loco  humiliori,  turn  etiam  in  altiori, 
gravitates   specificas  in  aere  et  mercurio   statuerunt,   ut  erat  differentia 
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ing  at  least  in  the  qualification;  but  then  what  an  assertion 
to  hazard  !  considering  the  great  number  of  experiments  ex- 
tant for  the  direct  determination  of  the  weight  of  air  compared 
with  that  of  water,  first  instituted  by  Galileo,  and  then  re- 
peated successively  by  Descartes,  Mersenne,  Boyle,  Hook, 
Newton,  Cotes,  and  lastly  by  Hawksbee,  whose  determina- 
tion was  assumed  and  quoted  by  Cavendish  himself  for  the 
purpose  of  comparing  the  specific  gravity  of  common  air  with 
those  of  the  factitious  gases, — it  is  a  strong  instance  of  the 
kind  of  equity  for  which  I  have  given  you  credit,  that  you 
should  have  allotted  to  Cavendish  the  merit  of  having  "Jirst 
showed  an  example  of  weighing  permanently  elastic  Jluids." 
Even  Descartes  allowed  that  Galileo's  "method  of  weighing 

altitudinum  mercurii  in  barometro  ad  altitudinem  inter  locos  observa* 
tionnm  interceptam ;  etiamsi  aer  ejusdem  densitatis  ponatur  ab  imo  ob- 
servationis  loco  ad  alterum  usque,  non  licet  tamen  inde  judicare  de  ejus 
gravitate  specifica  ratione  mercurii.  Quicquid  ab  experimento  colligere 
licet  hoc  solum  est: — 

"  Consideremus  scilicet  integram  crustam  aeream  terram  ambientem 
atque  inter  ambo  observationis  loca  interceptam,  et  erit  pondusistius  crusta? 
ad  superficiem  terra?  ut  pondus  columnae  mercurialis  qualis  in  barometro 
descendit  ad  basin  ejus;  manifesta  haec  sunt  ex  eo  quod  summa  basium 
A  et  B  sustinent  quidein  summam  ponderum  qua?  habent  columnae 
aerea?  A  C  et  B  D,  neque  tamen  quaevis  basis  premitur  sua?  columnar  pon- 
dere  seorsim,  et  quod  idem  resectis  columnis  A  g  et  B  h  intelligi  debet 
de  columnis  gC  et  h  D,  diaphragmatis  in  g  et  h  positis,  incumbentibus. 
Igitur  experimentum  non  tarn  gravitatem  specificam  aeris  in  quo  factum 
est  indicat,  quam  omnis  aeris  terra?  proximi  gravitatem  specificam  mediam 
determinat ;  prior  admodum  variabilis  est,  altera  procul  dubio  constanter 
eadem  fere  permanet. 

"  Faciamus  computum  gravitatis  specificce  istius  medics  aeris  omnis  qui 
terram  ambit.  Multis  vero  experimentis,  quae  in  diversis  locis  parum 
supra  mare  elevatis  sumpta  fuerunt,  id  constat,  elevationi  66  pedum 
proxime  descensum  respondere  unius  lineae  in  barometro.  Sequitur  inde 
quod  aeris  gravitas  specifica  media  ratione  mercurii  sit,  ut  altitudo  unius 
lineae  ad  altitudinem  66  pedum,  i.  e.  ut  ut  1  ad  9504,  ergo  posita  gravitate 
specifica  mercurii  =1,  erit  gravitas  specifica  media  aeris  —  0*001 05.  Nota- 
bile  est  profecto  tantam  esse  hanc  gravitatem  mediam  aeris  :  certus  enim 
sum  vel  maxime  saevienti  hie  locorum  frigore  aeris  gravitatem  specificam 
vixdum  tantam  esse  quantam  nunc  exhibuimus  pro  statu  medio  omnis 
aeris  terram  ambientis  :  at  sub  aequatore  multo  erit  minor,  et  omnibus  recte 
perpensis  non  crediderim  gravitatem  mediam  aeris  qui  inter  utramque 
latitudinem  60  gr.  continetur,  ultra  0000090  excurrere;  quo  posito  erit 
gravitas  media  aeris  ab  utroque  polo  ad  30  gradus  terram  cingentis,  quod 
spatium  paullo  plus  quam  octavam  totius  terra?  superficiei  efficit  partem, 
=  0*000210,  qua?  dupla  est  aeris  hie  locorum  densissimi :  sub  ipso  antem 
polo,  pra?sertim  ar.tarctico,  admodum  gravior  erit  aer,  et  fortasse  aqua  vix 
decies  levior,  cum  est  frigidissimus  atque  densissimus. 

"  32.  Et  quia  aeris  mediocriter  densi  gravitas  specifica  est  ad  gravitatem 
specificam  mere,  ut  1  ad  11000,  ipsaque  altitudo  media  mere,  in  barometro 
pro  locis  parum  a  superficie  maris  elevatis  sit  £|  ped.  Paris,  erit  altitudo 
aeris  homogenii  mediocriter  densi  25666  pedum." 
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the  air  was  not  amiss*;"  and  the  experiments  of  the  great 
Italian  philosopher,  which  laid  the  original  foundation  of  all 
our  knowledge  of  elastic  fluids,  ought  not  to  have  been  en- 
tirely forgotten  by  any  one  who  appreciates  duly  those  capital 
discoveries  by  which  the  ideas  of  men  are  fixed  and  a  new 
order  of  facts  is  ascertained. 

To  Black,  on  the  other  hand,  with  like  even-handed  justice, 
you  ascribe  a  knowledge  of  the  lightness  of  hydrogen  and  the 
heaviness  of  carbonic  gas,  which  you  have  no  ground  for  sus- 
pecting him  to  have  possessed.  Experiments,  indeed,  had 
been  made  with  a  view  of  ascertaining  such  points,  and  your 
assertion,  that  "Cavendish  first  set  the  example  of  weighing 
permanently  elastic  gases,"  is  so  far  from  the  truth,  that  the 
factitious  gases  themselves  had  been  weighed  both  by  Hawks- 
bee  and  Hales.  Hair-  weighed  the  "  air  of  tartar,"  which 
consists  of  a  mixture  of  carburetted  hydrogen  and  carbonic 
gases  in  a  bladder,  and  then  filling  it  with  common  air  com- 
pared the  weights  t;  Hawksbee  ascertained  accurately  the 
specific  gravity  of  air  that  had  passed  through  tubes  filled  with 
iron  wires,  and  heated  red  in  the  fire,  which  consisted  partly 
of  carbonic  acid  and  partly  of  nitrogen  %.     But  these  mixed 

*  "  Sa  facon  tie  peser  l'air  n'est  pas  mauvaise,  si  tant  est  que  la  pesanteut* 
en  soit  si  notable  qu'on  la  puisse  apercevoir  par  ce  moyen;  mais  j'en 
doute."  (CEuvres  de  Descartes,  torn.  vii.  p.  440.)  Thus  Descartes  wrote 
to  Mersenne  in  1638.  In  1642  he  repeated  the  experiment  himself  by  a 
method  far  less  susceptible  of  accuracy,  and  obtained  a  result  much  further 
from  the  truth,  which  satisfied  him  however,  "  que  la  poids  de  l'air  est 
sensible  en  cette  facon."  {QZuvres,  torn.  viii.  p.  567.)  Dr.  Whewell  has 
taken  notice  (History  of  Mechanics,  p.  66)  that  "  in  a  letter  of  the  date  of 
1631  he  (Descartes)  explains  the  suspension  of  mercury  in  a  tube  closed  at 
the  top  by  the  pressure  of  the  column  of  air  reaching  to  the  clouds."  In  this 
letter  the  atmosphere  is  compared  to  a  pack  of  wool,  the  filaments  of  which 
are  all  heavy,  and  press  on  each  other  from  the  clouds  to  the  earth,  being 
only  kept  apart  by  the  aether  which  plays  between  them, "  ce  qui  fait  un 
grand  pesanteur" — expressions  which  at  first  sight  might  lead  to  the  idea 
that  he  had  anticipated  the  theory  of  the  elevation  of  the  barometric 
column  j  but  it  is  evident  from  many  subsequent  letters  of  Descartes,  that 
he  had  no  correct  conception  of  the  statical  pressure  of  fluids,  and  was 
therefore  incapable  of  reasoning  justly  on  this  subject.  The  tube  in  which 
the  mercury  was  suspended  in  the  casein  question,  was  a  straight  tube  with- 
out a  bason:  he  tried  to  account  for  the  phenomenon  of  its  suspension  on 
his  principle  of  circular  movement  in  a  plenum,  by  supposing  that  the  mer- 
cury, before  it  could  quit  the  tube,  must  effect  the  circle  of  motions  re- 
quired to  bring  down  from  the  sky  a  current  of  aether  to  supply  the  vacuum 
left  at  the  top  of  the  tube  by  the  descent  of  the  quicksilver ;  and  pre- 
suming the  column  of  air  which  it  had  to  lift  to  be  as  heavy  as  itself,  he 
concluded  that  no  such  circular  motion  in  the  chain  of  matter  could  take 
place.  It  is  possible  however  that  this  representation  of  the  atmosphere 
as  a  heavy  column  may  have  conduced  to  suggest  the  more  correct  views 
of  the  subject  afterwards  adopted. 

f  Veg.  Status,  p.  185.  {  Phil.  Trans.,  No.  328,  p.  199. 
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gases  approached  too  nearly  to  common  air  in  that  respect  to 
enable  the  experimenters  to  establish  a  distinction.  An  at- 
tempt too  had  been  made  by  Greenwood,  a  Professor  of 
Mathematics  at  Cambridge  in  New  England,  to  ascertain  the 
specific  gravity  of  the  deleterious  air  in  a  well,  which  was 
doubtless  chiefly  carbonic  gas ;  but  the  method  employed  by 
him  was  not  sufficiently  delicate  to  show  a  difference  of  den- 
sity. Such  was  the  state  of  knowledge,  or  rather  ignorance, 
on  this  subject  previous  to  the  experiments  of  Cavendish. 
We  have  not  the  least  reason  to  believe  that  any  one  had 
observed  the  different  weights  of  the  different  kinds  of  air. 
Dr.  Mayow*  indeed  about  a  century  before  had  supposed 
his  "  nitro-igneous  aura"  to  the  combinations  of  which  he 
ascribed  the  phaenomena  of  acidification,  combustion  and  vi- 
tality, to  be  heavier  than  the  residual  air  from  which  it  is 
separated  in  those  processes ;  and  this  opinion,  which  proved 
to  be  correct,  he  entertained  so  distinctly,  as  to  represent  the 
specific  lightness  of  the  vitiated  air,  after  it  had  served  its 
purpose  of  sustaining  life,  as  a  provision  of  nature  for  freeing 
us  from  a  noxious  atmosphere.  But  he  had  no  better  ground 
for  entertaining  such  an  opinion  than  his  observation  of  the 
movements  of  animals  which  he  had  confined  in  a  close  ves- 
sel, and  which  appeared  in  his  experiments  to  seek  for  a  less 
suffocating  air  in  the  lower  part  of  the  receiver,  whilst  they 
avoided  the  upper. 

Such  loose  surmises  as  these  detract  nothing  from  the  great 
experimental  discovery  of  Cavendish,  the  importance  of  which 
cannot  be  better  expressed  than  in  the  words  of  an  eminent 
chemist  and  chemical  historian f:  "  It  can  scarcely  be  said  that 
pneumatic  chemistry  was  properly  begun  till  Mr.  Cavendish 
published  his  valuable  paper  on  Carbonic  Acid  and  Hydrogen 
Gas,  in  the  year  1766."  On  the  fruits  of  this  discovery,  in 
the  hands  of  its  author  and  of  all  succeeding  chemists,  and  its 
consequences  to  the  study  of  gaseous  substances  and  their 
combinations,  I  need  not  dwell.  It  is  enough  to  remark,  that 
the  ascertainment  of  this  physical  difference  in  the  gases  was 
the  first  conclusive  proof  of  a  'plurality  of  elastic  fluids. 

Another  point  of  no  small  consequence  to  pneumatic  che- 
mistry was  first  made  out  in  this  paper.  From  the  earliest 
discovery  of  factitious  airs,  it  had  been  observed  that  a  consi- 
derable portion  of  several  of  these  disappeared  after  they  had 
been  generated,  though  there  had  been  no  change  of  tempe- 
rature or  pressure.    The  usual  statement  of  this  phenomenon 

*  De  parte  aeria  igneaque  Spir.  Nitri. 

f  Dr.  J.  Thomson's  Biographical  Account  of  Priestley,  Ann.  Phil.,  vol.  i. 
p.  91. 
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was,  that  the  elasticity  of  the  air  had  been  destroyed.  Dr. 
Hales,  dissatisfied  with  so  loose  an  explanation,  accounted  for 
the  loss,  which  in  the  case  of  nitrous  acid  he  first  observed, 
after  the  following  manner : — "  When  fresh  air  is  let  into  the 
receiver,  whose  included  air  is  impregnated  with  the  fumes 
arising  from  the  mixture  of  compound  aquafortis,  or  spirit  of 
nitre,  and  Whitstable  pyrites,  mentioned  in  the  following  ex- 
periment, then  the  air  in  the  receiver  turns  very  red  and  tur- 
bid, and  much  air  is  absorbed  after  several  repeated  admis- 
sions. When  fresh  air  is  thus  admitted  into  the  glasses  full 
of  sulphureous,  though  clear,  air,  a  good  many  particles  of  the 
fresh  air  must  needs  be  reduced  by  the  sulphureous  ones  from 
an  elastic  to  a  fixed  state,  as  in  the  effervescences  of  other 
liquors.  Therefore  the  rising  of  the  water  in  the  glass  vessel 
does  not  seem  to  be  wholly  owing  to  the  rebating  of  the  air's 
elasticity  in  some  degree,  but  rather  to  the  reduction  of  it  from 
an  elastic  to  a  fixed  state,  which  is  further  probable  from 
hence,  viz.  that  the  whole  quantity  of  air  admitted  at  several 
times  is  equal,  or  nearly  equal,  to  the  quantity  of  sulphureous 
air  A.  Z.,  so  that  both  airs  are  at  the  same  time  contained 
within  the  space  A.  Z." 

In  this  important  observation,  which  was  subsequently 
turned  to  such  good  account  by  Priestley  and  Cavendish, 
Hales  gave  the  true  theory  of  the  loss  of  volume  which  oc- 
curs by  the  admission  of  common  air  to  nitrous  gas;  but  the 
variable,  and  apparently  capricious,  loss  of  elasticity  which  he 
remarked  in  other  gases  he  could  not  explain.  "  Though  a 
good  part  of  the  air,"  he  says,  "  which  rises  from  Jluids  seems 
to  have  existed  in  an  elastic  state  in  those  fluids,  yet  the  air 
which  arises  from  solid  bodies,  either  by  the  force  of  fire  or 
effervescence,  does  not  seem  to  arise  only  from  the  interstices 
of  those  bodies,  but  principally  from  the  most  fixed  parts  of 
them.  For  since  the  airs  which  are  raised  by  the  same  acid 
spirit  from  a  vast  variety  of  substances  have  very  different 
degrees  of  permanency,  as  was  shown  in  Exp.  10,  No.  3,  4, 
5,  6,  and  in  Exp.  11,  No.  6,  7,  8,  9,  10  of  experiments  on 
stones,  hence  it  is  probable  that  these  airs  do  not  arise  from 
latent  interstices  of  the  dissolved  stones,  &c,  but  from  the  solid 
fixed  particles  of  them;  and  since  the  whole  of  some  of  these 
newly-generated  airs  does  in  a  few  days  lose  its  elasticity,  it 
should  seem  hence  probable,  that  whatever  air  arises  from  the 
spirit  in  the  effervescence  is  not  permanently  elastic,  or  else 
that  in  the  rotation  of  some  stones  it  is  thrown  off  into  a  more 
permanently  elastic  state  than  from  others." 

The  cause  of  this  loss  of  volume  was  first  explained  in  Ca- 
vendish's paper :  he  proved  by  experiment,  that  carbonic  acid 
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is  condensed  over  water,  but  not  over  mercury.  You  indeed 
tell  us  that  Black  "found  this  gas  incondensable"  but  he  has 
nowhere  told  us  as  much  himself;  and  you  might  with  more 
safety  have  presumed  the  contrary ;  the  true  statement  being, 
that  he  and  his  predecessors  had  found  it  condensable,  and 
that  Cavendish  found  the  conditions  under  which  it  is  not 
condensed. 

In  the  same  spirit  of  liberality  you  take  "the  capital  disco- 
very" that  the  air  of  the  atmosphere  is  not  the  only  air  per- 
manently elastic,  from  its  ancient  owners,  to  appropriate  it 
to  Black,  and  expend  much  learned  pains  in  setting  forth 
the  originality  and  importance  of  the  "doctrine"  which  you 
ascribe  to  him.  "  The  great  step,"  you  say,  "  was  now  made, 
that  the  air  of  the  atmosphere  is  not  the  only  permanently 
elastic  body,  but  that  others  exist,  having  perfectly  different 
qualities  from  atmospheric  air,  and  capable  of  losing  their  elas- 
ticity by  entering  into  chemical  union  with  solid  and  with 
liquid  substances,  from  which,  being  afterwards  separated, 
they  regain  the  elastic  or  aeriform  state." "In  order  to  esti- 
mate the  importance  of  this  discovery,  and  at  the  same  time  to 
show  how  entirely  it  attends  the  whole  face  of  chemical  science, 
and  how  completely  the  doctrine  was  original,  we  must  now 
examine  the  state  of  science  which  philosophers  had  previously 
attained  to.  It  has  often  been  remarked,  that  no  great  disco- 
very was  ever  made  at  once,  except  perhaps  that  of  logarithms: 
all  have  been  preceded  by  steps  which  conducted  the  disco- 
verer's predecessors  nearly,  though  not  quite,  to  the  same 
point.  Some  may  perhaps  think  that  Black's  discovery  of 
fixed  air  affords  no  second  exception  to  this  rule;  for  it  is 
said  that  Van  Helmont,  who  flourished  at  the  end  of  the  six- 
teenth and  beginning  of  the  seventeenth  century,  had  observed 
its  evolution  during  fermentation,  and  gave  it  the  name  of  gas 
sijlvcstre,  spirit  from  wood,  remarking  that  it  caused  the  phse- 
nomena  of  the  Grotto  del  Cane  near  Naples;  but  though  he, 
as  well  as  others,  had  observed  an  aeriform  substance  to  be 
evolved  in  fermentation  and  in  effervescence,  there  is  no  rea- 
son for  affirming  that  they  considered  it  as  differing  from  at- 
mospheric air,  except  by  having  absorbed  or  become  mixed 
with  various  exhalations  or  impurities.  Accordingly  a  cen- 
tury later  than  Van  Helmont,  Hales,  who  made  more  experi- 
ments upon  air  than  any  of  the  old  chemists,  adopts  the  com- 
monly received  opinion,  that  all  elastic  fluids  were  only  differ- 
ent combinations  of  the  atmospheric  air  with  various  exhala- 
tions or  impurities :  and  this  was  the  universal  opinion  upon 

the  subject,  both  of  philosophers  and  the  vulgar." "It  is 

now  fit  that  we  see  in  what  manner  the  subject  was  treated  by 
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scientific  men  at  the  period  immediately  preceding  Black's  dis- 
coveries. The  article  f  Air,'  in  the  French  Eficyclopedie,  was 
published  in  1751,  and  written  by  D'Alembert  himself.  It  is, 
as  might  be  expected,  able,  clear  and  elaborate.  He  assumes 
the  substance  of  the  atmosphere  to  be  alone  entitled  to  the 
name  of  air,  and  to  be  the  foundation  of  all  other  permanently 
elastic  bodies.  When  D'Alembert  wrote  this  article,  he  gave 
the  doctrine  then  universally  received,  that  all  the  other  kinds 
of  air  were  only  impure,  and  that  this  fluid  alone  was  perma- 
nently elastic,  all  other  vapours  being  only  like  steam,  tempo- 
rarily aeriform.  Once  the  truth  was  made  known,  that  there 
are  other  gases  in  nature,  only  careful  observation  was  re- 
quired to  find  them  out*." 

After  all  this,  should  I  venture  to  affirm  that  you  have  post- 
dated our  knowledge  of  permanently  elastic  gases,  other  than 
the  atmosphere,  by  about  a  hundred  years,  were  I  to  suggest 
that  in  this  case  also  the  old  story  is  the  true  one,  and  that 
Priestley  has  correctly  recorded  the  real  historical  fact  when 
he  said,  "  Mr.  Boyle,  I  believe,  was  the  first  who  discovered 
that  what  we  call  fixed  air,  and  also  inflammable  air,  are  really 
elastic  fluids  capable  of  being  exhibited  in  a  state  unmixed  with 
common  air,"  were  I  to  add  that  the  existence  of  various 
elastic  fluids  was  generally  recognised  by  the  philosophers  of 
Europe,  and  particularly  by  those  whom  you  have  quoted  as 
instances  to  the  contrary,  during  the  century  which  preceded 
Black's  essay,  as  distinctly,  and  more  distinctly,  than  by  Black 
himself, — I  know  not  what  you  would  think  of  me.  Neverthe- 
less, since  this  is  a  passage  in  the  history  of  science  which  de- 
serves to  be  told  with  a  strict  regard  to  dry  matter  of  fact,  I 
must  beg  you  to  listen  with  patience  to  an  account  of  it  cer- 
tainly very  different  from  your  own. 

It  was  in  December  1659  that  Boyle  published  his  "  New 
Physico-mechanical  Experiments,"  among  which  is  to  be 
found  a  description  of  two  of  those  gases  separable  from  fixed 
bodies,  which  he  subsequently  denominated  factitious  airs. 
The  high  interest  which  may  be  justly  attached  to  all  the 
circumstances  of  discoveries  so  important  as  this,  induces  me 
to  give  the  details  of  it  in  the  words  of  the  author. 

"  Contenting  myself,"  he  says,  "  to  have  mentioned  our 
author's  (Kircher's)  experiment  as  a  plausible,  though  not  de- 
monstrative, proof  that  water  may  be  transmuted  into  air,  we 
will  pass  on  to  mention,  in  the  third  place,  another  experi- 
ment which  we  tried  in  order  to  the  same  inquiry.  We  took 
a  clear  glass  bubble,  capable  of  containing  by  guess  about 
three  ounces  of  water,  with  a  neck  somewhat  long  and  wide  of 
*  Life  of  Black,  pp.  331-36. 
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a  cylindrical  form:  this  we  filled  with  oil  of  vitriol  and  fair 
water,  of  each  almost  a  like  quantity,  and  casting  in  half  a 
dozen  small  nails  we  stopped  the  mouth  of  the  glass,  which 
was  top-full  of  liquor,  with  a  flat  piece  of  dia  palma  provided 
lor  the  purpose,  that,  accommodating  itself  to  the  surface  of 
the  water,  the  air  might  be  exquisitely  excluded  ;  and  speedily 
inverting  the  phial,  we  put  the  neck  of  it  into  a  small  wide- 
mouthed  glass  that  stood  ready  with  more  of  the  same  liquor 
to  receive  it.     As  soon  as  the  neck  had  reached  the  bottom 
of  the  liquor  it  was  dipped  into,  there  appeared  at  the  upper 
part,  which  was  before  the  bottom  of  the  phial,  a  bubble  of 
about  the  bigness  of  a  pea,  which  seemed  rather  to  consist  of 
small  and  recent  bubbles  produced  by  the  action  of  the  dis- 
solving liquor  upon  the  iron,  than  any  parcel  of  the  external 
air  that  might  be  suspected  to  have  got  in  upon  the  inversion 
of  the  glass,  especially  since  we  gave  time  to  those  little  par- 
ticles of  air  which  were  carried  down  with  the  nails  into  the 
liquor  to  fly  up  again.     But  whence  the  first  bubble  was  pro- 
duced is  not  so  material  to  our  experiment,  in  regard  it  was 
so  small ;  for  soon  after  we  perceived  the  bubbles  produced 
by  the  action  of  the  menstruum  upon  the  metal,  ascending  co- 
piously to  the  bubble  named,  and  breaking,  did  soon  exceed- 
ingly increase  it,  and  by  degrees  depress  the  water  lower  and 
lower,  till  at  length  the  substance  contained  in  these  bubbles 
possessed  the  whole  cavity  of  the  glass  phial,  and  almost  of 
its  neck  too,  reaching  much  lower  in  the  neck  than  the  sur- 
face of  the  ambient  liquor  wherewith  the  open-mouthed  glass 
was  by  this  means  almost  replenished.    And  because  it  might 
be  suspected  that  the  depression  of  the  liquor  might  proceed 
from  the  agitation  whereinto  the  exhaling  and  imprisoned 
steams  were  put  by  that  heat  which  is  wont  to  result  from  the 
action  of  corrosive  salt  upon  metals,  we  suffered  both  the  phial 
and  the  open-mouthed  glass  to  remain  as  they  were  in  a 
window  for  three  or  four  days  and  nights  together ;  but  look- 
ing upon  them  several  times  during  that  while,  as  well  as  at 
the  expiration  of  it,  the  whole  cavity  of  the  glass  bubble  and 
most  of  its  neck  seemed  to  be  possessed  by  air,  since  by  its 
spring  it  was  able  for  so  long  to  hinder  the  expelled  and  am- 
bient liquor  from  regaining  its  former  place.     And  it  was  re- 
markable that  just  before  we  took  the  glass  bubble  out  of  the 
other  glass,  upon  the  application  of  a  warm  hand  to  the  con- 
vex part  of  the  bubble,  the  imprisoned  substance  readily  di- 
lated itself  like  air,  and  broke  through  the  liquor  in  divers 
bubbles  succeeding  one  another. 

"  Having  also  another  time  tried  the  like  experiment  with 
a  small  phial  and  with  nails  dissolyed  in  aquafortis,  we  found 


126    Rev.W.V.  Harcourt  on  Lord  Brougham's  statements 

nothing  incongruous  to  what  we  have  now  delivered.  And 
this  circumstance  was  observed,  that  the  newly-generated 
steams  did  not  only  possess  almost  all  the  whole  cavity  of  the 
glass,  but  divers  times  without  the  assistance  of  heat  of  my 
hand  did  break  away  in  large  bubbles  through  the  ambient 
liquor  into  the  open  air:  so  that  the  experiments  with  corro- 
sive liquors  seemed  manifestly  to  prove,  though  not  that  air 
may  be  generated  out  of  water,  yet  that  in  general  air  may  be 
generated  anew. 

"  Lastly,  to  the  foregoing  arguments  from  experience,  we 
might  easily  subjoin  the  authority  of  Aristotle  and  of  his  fol- 
lowers the  schools,  who  are  known  to  have  taught  that  air 
and  water,  being  symbolizing  elements  in  the  quality  of  moist- 
ure, are  easily  transmutable  into  each  other*',  but  we  shall 
rather  to  the  foregoing  argument  add  this,  drawn  from  rea- 
son— that  if,  as  Leucippus,  Democritus,  Epicurus  and  others, 
followed  by  divers  modern  naturalists,  have  taught,  the  dif- 
ference of  bodies  proceeds  but  from  the  various  magnitudes, 
figures,  motions,  and  textures  of  the  small  parts  they  consist 
of  (all  the  qualities  that  make  them  differ  being  deducible 
from  thence),  there  appears  no  reason  why  the  minute  parts  of 
water,  and  other  bodies,  may  not  be  so  agitated  and  connected 
as  to  deserve  the  name  of  air ;  for  if  we  allow  the  Cartesian 
hypothesis,  according  to  which  the  air  may  consist  of  any 
terrene  or  aqueous  corpuscles,  provided  they  be  kept  swim- 
ming in  the  interfluent  celestial  matter,  it  is  obvious  that  air 
may  be  as  often  generated,  as  terrestrial  particles,  minute 
enough  to  be  carried  up  and  down  by  the  celestial  matter, 
ascend  into  the  atmosphere.  And  if  we  will  have  the  air  to 
be  a  congeries  of  little  slender  springs,  it  seems  not  impos- 
sible, though  it  be  difficult,  that  the  small  parts  of  divers  bo- 
dies may,  by  a  lucky  concourse  of  causes,  be  so  connected  as 
to  constitute  such  little  springs,  since  water  in  the  plants  it 
nourisheth  is  usually  contrived  into  springy  bodies,  and  even 
the  bare  altered  position  and  connexion  of  the  parts  of  a 
body  may  suffice  to  give  it  a  spring  that  it  had  not  before,  as 
may  be  seen  in  a  thin  and  flexible  plate  of  silver,  into  which, 
by  some  strokes  of  a  hammer,  you  may  give  a  spring;  and  by 
only  heating  it  red-hot,  you  may  make  it  again  as  flexible  as 
before. 

"  These,  my  Lord,  are  some  of  the  considerations  at  present 
occurring  to  my  thoughts,  by  which  it  may  be  made  probable 
that  air  may  be  generated  anew." 

*  This  I  presume  is  the  hypothesis,  doctrine,  or  theory  which  Cavendish 
was  suspected  of  deriving  from  Watt. 


relative  to  Black,  Watt,  and  Cavendish.  127 

In  a  subsequent  part  of  the  same  treatise,  Boyle  adds  an 
account  of  another  discovery  of  a  similar  kind.  "  I  took,"  he 
says  (exp.  42),  "  whole  pieces  of  red  coral,  and  cast  them  into 
as  much  spirit  of  vinegar  as  sufficed  to  swim  about  an  inch 
over  them  :  these  substances  I  made  use  of  that  the  ebullition 
upon  the  solution  might  not  be  too  great,  and  that  the  opera- 
tion might  last  the  longer."  It  gave  but  few  bubbles,  till  the 
receiver  under  which  it  was  placed  was  exhausted  ;  "  then  the 
menstruum  appeared  to  boil  in  the  glass  like  a  seething-pot. 
To  avoid  suspicion,  that  these  proceeded  not  from  the  action 
of  the  menstruum  upon  the  coral,  but  from  the  sudden  emer- 
sion of  those  many  little  parcels  of  air  that  are  wont  to  be 
dispersed  in  liquors,  we  conveyed  over  distilled  vinegar  alone 
into  the  receiver^  and  kept  it  awhile  there  to  free  it  from  the 
bubbles,  which  were  but  very  small,  before  ever  we  put  the 
coral  into  it.  The  former  experiment  was  another  time  tried 
in  another  small  receiver  with  coral  grossly  powdered,  and  the 
success  was  much  alike." 

Of  the  two  gases  thus  first  obtained  and  separated,  he  ob- 
served some  time  afterwards  that  the  one  was  inflammable*, 

*  "  Having  provided  a  saline  spirit,  which  by  the  uncommon  way  of  pre" 
paration  was  made  exceeding  sharp  and  piercing,  we  put  into  a  phial,  ca~ 
pable  of  containing  three  or  four  ounces  of  water,  a  convenient  quantity  of 
filings  of  steel,  which  were  not  such  as  are  commonly  sold  in  shops  to  che- 
mists and  apothecaries,  those  being  usually  not  free  enough  from  rust,  but 
such  as  I  had  awhile  before  caused  to  be  purposely  filed  off  from  a  piece  of 
good  steel.  This  metalline  powder  being  moistened  in  the  phial  with  a 
little  of  the  menstruum,  was  afterwards  drenched  with  more,  whereupon 
the  mixture  grew  very  hot,  and  belched  up  copious  and  very  stinking  fumes, 
which,  whether  they  consisted  altogether  of  the  volatile  sulphur  of  the 
Mars,  or  of  metalline  steams  participating  of  a  sulphureous  nature,  and 
joined  with  the  saline  exhalations  of  the  menstruum,  is  not  necessary  here 
to  be  discussed.  But  whencesoever  this  stinking  smoke  proceeded,  so  in- 
flammable it  was,  that  upon  the  approach  of  a  lighted  candle  to  it,  it  would 
readily  enough  take  fire,  and  burn  with  a  bluish  and  somewhat  greenish 
flame  at  the  mouth  of  the  phial  for  a  good  while  together;  and  that  though 
with  little  light,  yet  with  more  strength  than  one  would  easily  suspect. 
This  flaming  phial  therefore  was  conveyed  to  a  receiver,  which  he  who  ma- 
naged the  pump  affirmed  that  about  six  exsuctions  would  exhaust.  And 
the  receiver  being  well  cemented  on,  upon  the  first  suck  the  flame  suddenly 
appeared  four  or  five  times  as  great  as  before,  which  1  ascribed  to  this,  that 
upon  withdrawing  of  the  air,  and  consequently  the  weakening  of  its  pres- 
sure, great  store  of  bubbles  were  produced  in  the  menstruum,  which  break- 
ing, could  not  but  supply  the  neck  of  the  phial  with  store  of  inflammable 
steams,  which  as  we  thought  took  not  fire  without  some  noise.  Upon  the 
second  exsuction  of  the  air,  the  flame  blazed  out  as  before,  and  so  it  like- 
wise did  upon  the  third  exsuction ;  but  after  that  it  went  out,  nor  could 
we  rekindle  any  fire  by  hastily  removing  the  receiver:  only  we  found  that 
there  remained  such  a  disposition  in  the  smoke  to  inflammability,  that 
holding  a  lighted  candle  to  it  a  flame  was  quickly  rekindled." — New  Ex- 
periments touching  the  Relation  between  Flame  and  Air,  1671. 
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and  the  other  liable,  in  part,  to  lose  its  elasticity*;  he  ex- 
tended his  experiments  on  the  generation  of  "  factitious 
airs"  to  a  variety  of  materials,  multiplying  them  to  such  an 
extent  that  one  of  Cotes's  hydrostatical  lectures  is  filled  with 
the  repetition  of  them;  he  remarked  the  condensability  of 
muriatic  acid  gast,  and  the  orange  colour  of  nitrous  acid  gas  \\ 
and  extricated  from  red  lead,  by  the  burning-glass,  the  gas§, 
which  Priestley  afterwards  ha\  ing  obtained  by  the  same  method, 
was  led  by  reasoning  from  the  manner  in  which  red  lead  is 


*  "  Experiment  8. — A  mercurial  gauge  having  been  put  into  a  conical 
glass  whose  bottom  was  covered  with  beaten  coral,  some  spirit  of  vinegar 
was  poured  in,  and  then  the  glass  stopper  closing  the  neck  exactly  :  on  the 
working  of  the  menstruum  on  the  coral,  store  of  bubbles  were  for  a  good 
while  produced,  which  successively  broke  in  the  cavity  of  the  vessel ;  and 
their  accession  compressed  the  confined  air  in  the  closed  leg  of  the  gauge 
three  divisions,  which  I  guessed  to  amount  to  about  the  third  part  of  the 
extent  it  had  before;  but  some  hours  after  the  compression  made  by  this 
newly-generated  air  grew  manifestly  fainter,  and  the  imprisoned  gauge-air 
drove  down  the  mercury  again,  till  it  was  depressed  within  one  division  of 
its  first  station ;  so  that  in  this  operation  there  seemed  to  have  been  a 
double  compressive  power  exercised,  the  one  transient  by  the  brisk  agita- 
tion of  vapours,  the  other  durable  from  the  aerial  or  springy  particles  either 
produced  or  extricated  by  the  action  of  the  spirit  of  vinegar  on  the  coral." 
— Phil.  Trans.  1675. 

f  "  May  26,  1676. — Sal-ammoniac  was  put  into  a  receiver  with  a  suffi- 
cient quantity  of  oil  of  vitriol.  Then  the  air  being  exhausted,  the  salt  was 
put  into  the  oil,  whereupon  a  great  ebullition  presently  followed,  and  the 
mercury  in  the  gauge  showed  a  good  quantity  of  air  to  be  generated;  but 
this  by  the  same  gauge  soon  after  appeared  to  be  destroyed  again.  The  expe- 
riment was  repeated,  and  both  the  production  and  destruction  were  slower 
than  before.  It  was  confirmed  by  these  trials  that  some  artificial  airs  may 
be  destroyed,  but  why  this  destruction  happens  sometimes  sooner  and 
sometimes  slower,  may  perhaps  seem  worthy  of  further  inquiry." — 2ndcont. 
Phys.  Mech.  Expts.  1676. 

+  «  We  put  an  ounce  of  such  strong  spirit  of  nitre  as  is  above  mentioned 
into  a  moderately  large  bolt  head,  furnished  with  a  proportionable  stem, 
over  the  orifice  of  which  we  strongly  tied  the  neck  of  a  thin  bladder,  out 
of  which  most  part  of  the  air  had  been  expressed,  and  into  which  we  had 
conveyed  a  small  phial  with  a  little  highly  rectified  spirit  of  wine.  Then 
this  phial,  that  was  before  closed  with  a  cork,  being  unstopped  without 
taking  off  the  bladder,  a  small  quantity,  by  guess  not  a  spoonful,  of  the  al- 
cohol of  wine  was  made  to  run  down  into  the  spirit  of  nitre,  where  it  pre- 
sently produced  a  great  commotion,  and  blew  up  the  bladder  as  far  as  it 
would  well  stretch,  filling  also  the  stem  and  cavity  of  the  glass  with  very 
red  fumes,  which  presently  after  forced  their  way  into  the  open  air,  in 
which  they  continued  for  a  good  while  to  ascend  in  the  form  of  an  orange- 
coloured  smoke." — New  Experiments  about  Explosions,  1672. 

§  f  September  4,  1678. — 1  exposed  one  ounce  of  minium  in  an  open 
glass  to  the  sunbeams,  concentrated  by  a  burning-glass,  and  found  that  it 
had  lost  three-fourths  of  a  grain  of  its  weight,  though  much  of  the  minium 
had  not  been  touched  by  the  solar  rays.  May  29. — Repeated  the  same 
experiment,  in  a  light  glass  phial  sealed  hermetically  and  exactly  weighed, 
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manufactured,  to  identify  with  the  oxygen  of  the  atmosphere*, 
just  as  Mayow  identified  with  it  the  gas  from  saltpetre. 

In  giving  to  the  gases  which  he  discovered  the  title  of 
"factitious  airs"  Boyle  did  not  confound  them  with  common 
air.  The  extracts  which  I  have  given  sufficiently  show  that 
he  used  the  word  air  generically,  in  the  sense  which  he  assigns 
to  it  in  the  following  passage : — M  If  I  were  to  allow  acids  to 
be  one  principle,  it  should  be  only  in  some  such  metaphysical 
sense  as  that  wherein  air  is  said  to  be  one  body,  though  it 
consist  of  the  associated  effluviums  of  a  multitude  of  corpus- 
cles of  very  different  natures  that  agree  in  very  little,  save  in 
their  being  minute  enough  to  concur  in  the  composition  of  a 
fluid  aggregate  consisting  of  flying  partsf." 

It  would  indeed  be  a  great  mistake  in  the  history  of  science, 
to  suppose  that  the  notion  of  the  air  being  a  simple  element 
prevailed  among  philosophers  down  to  the  days  of  Black. 
From  the  time  of  that  remarkable  revolution  in  the  scientific 
mind  of  Europe  which  attended  the  revival  of  the  mechanico- 
corpuscular  philosophy,  when  the  phaenomena  of  nature  were 
accounted  for  no  longer  by  forms  and  qualities,  but  by  the 
sizes  and  motions,  the  cohesions  and  disjunctions  of  the  par- 
ticles of  bodies,  the  atmosphere  came  at  once  to  be  conceived 
of  as  a  miscellaneous  aggregate  of  the  molecules  of  a  variety 
of  heavy  substances  thrown  into  an  elastic  state,  or  floating  in 
an  active  medium  of  a  still  finer  and  more  divided  consistence. 
"  Tout  corps  invisible  et  impalpable,"  says  Descartes,  "  se 
nomme  airt  a,  savoir  en  sa  plus  ample  signification  J."     "  By 
air,"  says  Dr.  Wallis,  M  1  find  Mr.  Hobbs  would  sometimes 
have  us  understand  a  pure  aether,  'aerem  ab  omni  terrae  aquae- 
que  effluviis  purum,  qualis  putatur  esse  aether,'  to  which  I 
suppose  answers  the  materia  subtilis  of  Descartes,  and  M. 
Hugens's  'more  subtile  matter*  than  air:  on  the  other  hand, 
M.  Hugens  here  by  air  seems  to  understand  that  feculent  mat- 
ter arising  from  those  the  earth's  and  water's  effluvia,  which 

and  the  loss  of  weight  came  to  ^rd  part  of  a  grain.  May  30. — I  endea- 
voured to  burn  the  same  minium  again,  but  such  plenty  of  air  was  pro- 
duced, that  the  glass  broke  into  a  hundred  pieces." 

*  "  At  the  same  time  that  I  got  the  air  above-mentioned  from  mercurius 
calcinatus  and  the  red  precipitate,  I  had  got  the  same  kind  from  red  lead 
or  minium.  In  this  process  that  part  of  the  minium  on  which  the  focus  of 
the  lens  had  fallen  turned  yellow.  The  experiment  with  red  lead  con- 
firmed me  more  in  my  suspicion,  that  the  mere,  calcinatus  must  have  got 
the  property  of  yielding  this  kind  of  air  from  the  atmosphere,  the  process 
by  which  that  preparation  and  this  of  red  lead  is  made  being  similar." — 
Priestley's  Experiments  on  Air,  vol.  ii.  p.  111. 

f  Reflections  on  the  Hypothesis  of  Alkali  and  Acidum,  ch.  iv.  1676. 

X  CEuvres,  torn.  vii.  p.  237. 
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are  intermingled  with  this  subtle  matter.  We  mean  by  air  the 
aggregate  of  both  these,  or  whatever  else  makes  up  that  hete- 
rogeneous fluid  wherein  we  breathe,  commonly  called  air,  the 
purer  part  of  which  is  Mr.  Hobbs's  air,  and  the  feculent  of  it 
is  M.  Hugens's  air*." 

It  is  curious  to  trace  the  fortunes  of  this  materia  subtilis, 
from  the  naked  condition  in  which  it  was  first  ushered  into 
notice,  to  the  figure  which  it  now  makes  in  the  speculations  of 
science. 

Descartes  was  undoubtedly  the  first  who  formed  the  idea  of 
a  liquid  medium  grosser  than  heat,  but  more  subtle  than  air, 
extending  from  the  heavenly  bodies  to  the  earth,  filling  the 
aerial  interstices  with  a  continuous  series  of  molecular  globules, 
pervading  the  pores  of  glass,  diamond,  and  the  densest  sub- 
stances, without  interruption,  and  propagating,  by  communi- 
cation of  impulses  from  one  molecule  to  another,  the  move- 
ment, or  rather  the  pressure  without  locomotion,  simple  and 
compound,  which  he  considered  as  constituting  lightf  and 
colours. 

This  was  a  grand  conception,  for  which  the  philosophy  of 
optics  is  under  an  obligation  to  the  inventor  greater  perhaps 
than  has  been  confessed.  But  the  range  of  Descartes's  views 
in  physics  was  too  limited  to  admit  of  his  turning  such  a  con- 
ception to  its  full  account.  He  seems  to  have  had  no  idea  of 
intermittent  or  elastic  forces,  and  did  not  even  endow  either 

•  Extract  of  Letters  from  Dr.  J.  Wallis  to  the  publisher,  1672,  Phil. 
Trans.  No.  91. 

f  Dr.  Whewell  takes  Descartes's  "  hypothesis  concerning  light "  to  have 
been,  "  that  it  consists  of  small  particles  emitted  by  the  luminous  body,"  and 
considers  this  as  "  the  first  form  of  the  emission  theory  "  (Phys.  Optics, 
eh.  x.) ;  and  so  the  theory  of  the  Dioptrics  seems  to  have  been  understood 
by  some  of  Descartes's  cotemporaries ;  but  he  explains  himself  otherwise  in 
his  letters.  "  Je  vous  prie  tie  considerer  que  ces  petits  globes  dont  j'ai 
parle  nesont  point  des  corps  qui  exhalent  et  qui  s'ecoulentdesastresjusques 
a  nous ;  mais  que  ce  sont  des  parcelles  imperceptibles  de  cette  matiere 
que  V.  R.  appelle  elle-meme  celeste,  qui  occupent  tous  les  intervalles  que 
les  parties  des  corps  transparents  laissent  entre  ellcs,  et  qui  ne  sont  autre- 
ment  appuyees  les  unes  sur  les  autres  que  le  vin  de  cette  cuve  que  j'ai 
pris  pour  exemple  en  la  page  6  de  ma  Dioptrique,  ou  Ton  pent  voir  que  le 
vin  qui  est  en  C  tend  vers  B,  et  qu'il  n'empeche  point  pour  cela  que  celui 
qui  est  en  E  ne  tend  vers  A,  et  que  chacune  de  ces  parties  tend  a  descendre 
vers  plusienrs  divers  endroits,  quoiqu'elle  ne  se  puisse  mouvoir  que  vers  un 
6eul  en  meme  temps.  Or  j'ai  souvent  averti  que  par  la  lumiere  je  n'entendois 
pas  tant  le  mouvement,  que  cette  inclination  ou  propension  que  ces  petits 
corps  ont  a  se  mouvoir;  et  que  ce  que  je  disoisdu  mouvement,  pour  etre  plus 
aisement  entendu,  se  devoit  rapporter  a  cette  propension ;  d'oii  il  est  mani- 
feste  que,  selon  moi,  Ton  ne  doit  entendre  autre  chose  par  les  couleurs  que 
les  differentes  varittes  qui  arrivent  en  ces  propensions."  (CEuvres,  torn.  vii. 
p.  193>    "J' admire  que  vous  alleguiez  les  pages  4 et  5  afin  de  prouver  que 
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his  filaments  of  air,  or  his  aethereal  globules  interposed  between 
them,  with  attractive  or  repulsive  powers. 

The  genius  of  Hook,  so  comprehensive  of  clear  physical 
notions,  soon  lent  to  this  luminiferous  aether  the  mechanical 
attribute  which  it  needed,  and  added  the  notion  of  vibratory 
pulses, — a  notion  which  was  instantly  reduced  by  Newton  to 
the  form  most  competent  to  account  for  the  phenomena*, 
and  on  which  Huygens  founded,  and  Young  with  his  illus- 
trious coadjutors  have  gone  far  to  finish,  the  mathematical 
fabric  of  the  undulatory  theory  of  light,  as  it  is  now  commonly 
received. 

So  necessary  indeed  to  any  account  of  the  phenomena  of 
light  and  colours  did  the  admission  of  such  a  medium  appear, 
that  Wallis,  who  not  only  rejected  the  use  which  Huygens  and 
others  proposed  to  make  of  it  in  explaining  the  extraordinary 
height  at  which  mercury,  purged  of  air,  may  be  suspended  in 
a  tube,  but  denied  it  the  properties  of  elasticity  and  weight, 
nevertheless  did  not  scruple  to  say,  "  That  there  is  in  our  air 
a  body  more  subtle  than  the  fumes  and  vapours  mixed  with  it 
in  our  lower  region  is  very  certain :  but  whether  that  subtle 
body  be,  as  Dr.  Garden  seems  to  suppose,  much  heavier  than 
our  common  air,  I  much  doubt,  and  rather  think  it  is  not,  not 
having  hitherto  had  any  cogent  experiment  either  to  prove  it 
heavy  or  elastic ;  but  it  may,  for  aught  I  know,  be  void  as 
well  of  weight  as  spring,  and  what  is  found  of  either  in  our 
common  air  may  be  attributed  to  the  other  mixtures  in  itf." 

le  mouvement  des  corps  lumineux  ne  peut  passer  jusques  a  nos  yeux,  qu'il 
n'y  passe  quelque  chose  de  materiel  qui  sorte  de  ces  corps ;  car  je  ne  fais  en 
ces  deux  pages  qu'expliquer  la  comparaison  d'un  aveugle,  laquelle  j'ai  prin- 
cipalement  apportee  pour  faire  voir  en  quelle  sorte  le  mouvement  peut  passer 
sans  le  mobile ;  et  je  ne  crois  pas  que  vous  pensiez  lorsque  cet  aveugle  touche 
son  chien  de  son  baton  qu'il  faille  que  ce  chien  passe  tons  le  long  de  son 
baton  jusque  a  sa  main,  afin  qu'il  en  sent  les  mouvements.  Mais  afin  que 
je  vous  reponds  in  forma,  quand  vous  dites  que  le  mouvement  n'est  jamais 
sans  le  mobile,  distinguo;  car  il  ne  peut  veritablement  etre  sans  quelque 
corps,  mais  il  peut  bien  etretransmis  d'un  corps  en  un  autre,  et  ainsi  passer 
des  corps  lumineux  vers  nos  yeux  par  l'entremise  d'un  tiers,  a  savoir,  comme 
je  dis  en  la  page  4,  par  l'entremise  de  l'air  et  des  autres  corps  transparents, 
on  comme  j'explique  plus  distinctement  en  la  page  6,  par  l'entremise  d'une 
maticre  fort  subtile  qui  remplit  les  pores  de  ces  corps  et  s'etend  depuis  les 
astres  jusques  a  nous"  (p.  240), 

*  Phil.  Trans.,  No.  88,  p.  5088.  An.  1672.  "The  most  free  and  natural 
application  of  this  hypothesis  I  take  to  be  this:  That  the  agitated  parts  of 
bodies,  according  to  their  several  sizes,  figures,  and  motions,  do  excite  vi- 
brations in  the  aether  "  &c. 

t  Phil.  Trans.  No.  171,  p.  1002. 

[To  be  continued.] 
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XXIII.  On  a  Proposition  relating  to  the  Theory  of  Equa- 
tions. By  James  Cockle,  M.A.,  of  Trinity  College,  Cam- 
bridge ;  of  the  Middle  Temple,  Special  Pleader*. 

J.   1     ET  x  be  the  root  of  the  general  equation  of  the  wth 
-"     degree,  and 

y  =  A'xx'  +  A"xx"  +  A'"xx'"  +  A™  *>■";.     .     .     (a.) 

also  let  mY  be  composed  of  symmetric  functions  of,  and  be 
homogeneous  and  of  the  ?«th  degree  with  respect  toy;  then, 
if  n  >  2,  2Y  may  be  reduced  to  the  form 

(a'1A'  +  fl"1A"  +  S')2  +  (a"2A"+i")2,    .    .     .     (b.) 
where  b'  and  b"  are  not  both  zero. 

2.  For,  let 

A'".rf  +  A"  a£y  =  I' a*  +  F  x*',     .     .     .     (c.) 
then  if     yr  =  (A!  +'*)«*'  +  (A"  +V)*f  +  lr,       .    .     (d.) 

1»  =  0 (e.) 

Now  2Y  is  to  be  reduced,  by  means  of  (d.),  to  the  form  (b.), 
independently  of  A,  or,  what  is  the  same  thing,  of  A-f  Z;  butt 

tY-S(b4+ft-.U1}\ W 

]m  denoting  a  homogeneous  function  of  the  enclosed  quan- 
tities of  the  mtb.  degree.     And,  if  n  —  1  >  1, 

Pl ;.,]«_,]«  »0 (g.) 

may  be  satisfied  without  making  the  l's  zero. 

3.  Following  a  notation  similar  to  that  used  in  my  last 
paper t,  let  (p,  q)  represent  the  coefficient  of  A^A^  in  the 
development  of 

tp2-sp*  =  zY  =  0, (h.) 

p2  and  px  being  respectively  the  coefficients  of  the  third  and 
second  terms  of  the  transformed  equation  in  y ;  then,  if  (h.) 
be  reducible  to  the  form  (b.),  we  have 

...  +  ...  +#±*/ZT.  b"  =  0;      .     .     .     (i.) 

and  both  the  values  of  the  above  expression  can  only  vanish 

when  b'  =  0  =  b".     Substitute  for  b'  and  b",  equate  each  ex- 

A'" 
pression  to  zero,  and  eliminate  r—  between  the  two ;  then  we 

have  (1,  3)  (2,  4)  -(1,4)  (2,  3)  =  0, .     .     .     .     (j.) 

where,  for  instance, 

(l,3)  =  ^(«')-25SK').S(<");    .    .     (k.) 

*  Communicated  by  the  Author. 

•f-  For  the  process,  see  par.  3  of  the  place  which  I  have  before  cited,  at 
the  first  line  of  p.  126  of  vol.  xxvii.  of  the  Phil.  Mag.  S.  3. 
J  Phil.  Mag.  S.  3.  vol.  xxvii.  p.  292. 
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so  that,  on  developing,  we  shall  have  on  writing  x' .  X"  for 
2  (#*') .  X  (#*"),  &c., 

0  =  {t-2s)  x  {*' .  X1V .  (X"  +  X"')  4-X" .  X'" .  (x'  +  Xlv) 
-Af.X'".(x''  +  Xl')-X".^.(x'  +  A'")} 

+  2f{(x'  +  X/").(A"  +  Alv)-(A'  +  ^v).(A"  +  ^)}.  .  (1.) 
Let  /  =  2  w,  and  s  =  «  —  1,  then,  if  n  <  3,  the  last  equation  is 
identically  true,  but  not  in  any  other  case.  The  method  of 
the  two  first  paragraphs,  consequently,  detects  every  case  of 
failure;  the  last-mentioned  instance  of  which  is  connected  with 
the  fact  that,  implicitly  at  least,  every  expression  of  the  form 
(a.)  contains  in  its  right-hand  side  a  term  free  from  x  which, 
with  the  above  values  of  t  and  s,  vanishes  from  2Y.  These 
values  are  those  which  occur  in  exterminating  the  2nd,  3rd, 
and  rth  terms  of  an  equation. 

4.  If,  in  the  case  of  w  =  2,  t-=4t,  and  s=l,  we  reject  in  (g.) 
the  solution  ^  =  0,  we  are  conducted  to 

(^'-4')2(*f-O  =  0,     ....    K) 

having  multiplied  by  the  coefficient  of  A'2  before  commencing 
our  operations.    This  agrees  with  what  we  have  inferred  from 

5.  It  seems  to  follow  from  this,  that  biquadratics  can  be 
reduced  to  a  binomial,  and  equations  of  the  fifth  degree  to  a 
trinomial  form,  by  an  expression  for  y  consisting  of  four 
terms,  determinable  by  one  linear*,  one  quadratic,  and  one 
cubic  equation. 

6.  At  p.  384  of  the  26th  vol.  of  this  work,  I  have  only  al- 
luded to  the  equation  (3.),  which,  for  cubics,  conducts  to  the 
reducing  equation 

?  +  **(£) +  ££=<>;   ....  (*J 

\f ,  /        ft  ft 

and  to  a  similar  one  for  biquadratics ;  but  if  we  discuss  the 

equation  <p  {(A^  +  M^4)-1}  m  0, (3.)" 

it  will  be  found  that,  though  in  appearance  more  complicated, 
it  is  in  reality  simpler  than  the  former,  inasmuch  as  the  case 
of  x=0  is  not  excluded;  and  if  X  =  0  and  ju.  =  1,  we  have  the 
form  actually  taken  by  the  reducing  equation  in  my  solution 
of  a  perfect  cubic  at  p,  248  of  vol.  ii.  of  the  Cambridge  Mathe- 
matical Journal. 
Devereux  Court,  Temple  Bar,  James  Cockle,  Jun. 

December  29,  1845. 

*  The  '  base'  equations  are  linear, as  will  be  seen  on  referring  to  my  de- 
finition at  note  f  of  p.  126  of  this  (27th)  vol.  If  the  roots  of  the  trinomial 
equation  of  the  fifth  degree  are  given  by  the  expression  b  $  (a),  then  •*/-  is 
contained  in  the  solutions  of  the  functional  equation  ^2  (,a)  —  az=z  0. 
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XXIV.  On  Fresnel's  Theory  of  Double  Refraction.     By  R. 
Moon,  M.A.,  Fellow  of  Queeft's  College  Cambridge^  and  of 
the  Cambridge  Philosophical  Society. 

[Continued  from  vol.  xxvii.  p.  559.] 

A  FTER  proving,  as  he  imagines,  the  existence  of  the  three 
"*j«  axes  of  elasticity,  Fresnel  enters  into  the  most  elaborate 
calculations  as  to  the  motion  of  the  originally  disturbed  par- 
ticle, and  then  proceeds  to  discuss  the  laws  according  to  which 
the  disturbance  is  transmitted  from  it  to  the  rest  of  the  me- 
dium. His  labours  in  this  respect  are  perfectly  futile.  The 
motion  of  the  original  particle,  which  is  of  the  most  simple 
character,  is  altogether  different  from  what  he  supposes;  and 
as  to  the  laws  according  to  which  the  disturbance  is  commu- 
nicated from  it  to  the  rest  of  the  medium,  no  disturbance  what- 
ever can  be  propagated. 

As  to  the  first  point,  Sir  John  Herschel  proceeds : — "  Sup- 
pose now  any  molecule  set  in  vibration,"  in  a  plane  passing 
through  the  centre  of  the  surface  of  elasticity,  "  then  at  any 
period  of  its  motion  it  will  not  be  urged  directly  to  its  point 
of  rest;  but  obliquely  so  that  it  will  not  describe  a  straight 
line,  but  will  circulate  in  a  curve  more  or  less  complicated; 
its  motion  however  will  always  be  resolvable  into  two  vibratory 
rectilinear  ones  at  right  angles  to  each  other,  one  parallel  to 
the  greatest,  and  the  other  to  the  least  diameter  of  the  sec- 
tion," which  diameters  it  is  shown,  and  this  incontestable,  are 
at  right  angles  to  each  other.  "  Each  of  these  vibratory  mo- 
tions will,  by  the  laws  of  motion,  be  performed  independently 
of  the  other;  and  therefore  the  motion  propagated  through 
the  crystal  will  affect  every  molecule  of  it  in  the  same  way  as 
if  two  separate  and  independent  vibrations  (at  right  angles, 
as  above)  were  propagated  through  it  with  different  veloci- 
ties." 

It  is  perfectly  true  that  "the  motion  of  the  particle  will  al- 
ways be  resolvable  into  two  vibratory  rectilinear  ones  at  right 
angles  to  each  other,  one  parallel  to  the  greatest,  and  the  other 
to  the  least  diameter  of  the  section."  But  it  is  not  true,  as 
Fresnel  quietly  assumes,  that  the  motion  will  be  the  same  as 
if  two  separate  disturbances  were  communicated,  one  in  the 
direction  of  the  greatest,  and  the  other  of  the  least  diameter  of 
the  section.  The  distinction  between  the  two  cases  is  very 
palpable.  We  may  resolve  the  actual  force  on  the  particle 
into  two,  one  parallel  to  the  greatest  and  the  other  to  the  least 
diameter  of  the  section ;  and  so  the  motions  of  the  particle 
parallel  to  those  lines  may  be  determined ;  but  these  motions 


Mr.  Moon  on  Fresnel's  Theory  of  Double  Refraction.    135 

respectively  are  not  the  same  as  if  we  calculate  the  effect  of  a 
disturbance  communicated  in  the  direction  of  the  greatest, 
and  then  of  another  communicated  in  the  direction  of  the  least 
diameter.  In  the  latter  case,  if  u  and  v  be  the  co-ordinates 
of  the  particle  in  the  plane  of  the  section,  respectively  parallel 
and  perpendicular  to  the  greatest  diameter,  the  equation  of 
motion  parallel  to  that  line  is 


d*u 

dt 


-Aw (1.) 


In  the  former,  if  a/3y  be  the  inclinations  of  the  greatest  dia- 
meter to  the  axes  of  elasticity,  we  have 

(Pu 

-7- ^  =  a2  .r  cos  a  +  ftycosfi  +  c2zcosy;     .     .     (2.) 

but  if  r  be  the  radius  vector  of  the  particle, 

u  =  r  cos  5  =  x  cos  a.  +  y  cos  /3  +  z  cos  y, 

from  which  it  is  obvious  that  equations  (1.)  and  (2.)  can  never 
be  identical.  This  single  circumstance  would  alone  be  suffi- 
cient to  condemn  the  whole  theory;  I  mention  it  however 
chiefly  to  show  the  gross  fallacies  which  have  been  unhesita- 
tingly received  into  it. 

As  to  the  second  point  which  I  have  asserted,  that  ho  dis- 
turbance whatever  will  be  propagated  from  the  originally  dis- 
turbed particle,  a  circumstance  which  if  true  must  scatter  the 
whole  theory  to  the  winds,  I  must  say  I  approach  the  discus- 
sion of  it  with  considerable  pain,  when  I  reflect  that  a  result 
so  immediately  and  incontrovertibly  flowing  from  Fresnel's 
assumptions  should  so  long  have  been  overlooked  or  disre- 
garded ;  and  this  when  the  theory  has  for  years  been  subjected 
to  the  scrutiny  of  the  ablest  philosophers  of  this  and  of  other 
countries. 

Assuming  Fresnel's  proof  of  the  axes  of  elasticity  to  be 
genuine,  we  get  the  following  equations  for  determining  the 
motion  of  the  disturbed  particle:  — 

&x  _         2 
dt*~~a  ?? 

tl-       _     2 
dt*~  °    *' 
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from  which  we  obtain 

x  =  A  cos  (at  +  B), 
y  —  A,  cos  (b  t  +  B;), 

«  =  A/;  cos  (c  t  +  Bw), 

where  A  A,  A;, .  B  B;  B/y  are  constants  to  be  determined  from 
the  initial  circumstances  of  the  motion  of  the  particle.  From 
these  equations,  coupled  with  the  fact  which  Fresnel  assumes 
in  his  demonstration  of  the  axes  of  elasticity,  viz.  that  the 
change  of  position  of  the  surrounding  particles  from  the  state 
of  rest  does  not  affect  the  forces  upon  the  disturbed  particle, 
we  gather,  that  (I)  without  some  special  interposition  of  pro- 
vidence directed  to  each  individual  particle,  it  'would  never 
move  at  all,  whatever  might  be  the  state,  'whether  of  rest  or  mo- 
tion, of  the  other  -particles  around  it ;  and  (2)  that  once  in  motion, 
it  Would  vibrate  for  ever  without  the  least  reference  to  or  influ- 
ence upon  the  other  particles.  In  my  former  paper,  I  said  that 
Fresnel  was  driven  to  make  an  assumption  as  to  the  velocity 
of  propagation,  which  rested  only  on  the  analogy  of  a  case 
most  widely  differing  from  that  under  consideration.  I  now 
show  that  it  is  futile  to  talk  of  the  velocity  of  propagation, 
when  on  his  own  showing  no  wave  whatever  can  be  propa- 
gated. 

I  purpose,  in  a  future  paper,  to  consider  FresnePs  expres- 
sions for  the  intensity  of  the  reflected  and  refracted  rays  when 
polarized  light  is  incident  on  a  surface. 

Liverpool,  December  3,  1845. 

XXV.  Reply  to  some  Remarks  contained  in  Prof.  Young's  re- 
cent paper  "  On  the  Evaluation  of  the  Sums  of  Neutral  Se- 
ries." By  R.  Moon,  M.A.,  Fellow  of  Queen's  College, 
Cambridge,  and  of  the  Cambridge  Philosophical  Society*. 

INa  paper  published  in  this  Journal  some  months  ago,  upon 
*  the  symbols  sin  oo  and  cos  oo  ,  I  entered  upon  the  discus- 
sion of  the  value  of  the  series  1  —  1  +  1  —  1  +&c.  continued  to 
infinity,  which  I  then  showed  to  be  1  or  0  indifferently,  in 
opposition  to  the  commonly  received  opinion,  which  would 

make  it  equal  to  — .     Prof.  Young  appears  to  be  partly  of 

25 

my  opinion  in  this  respect,  but  seems  to  think  I  have  made  a 
mistake  in  supposing  this  to  hold  in  all  cases;  for  he  appears 
to  be  of  the  opinion,  that  when  the  above  series  is  considered 
as  the  limit  of  the  converging  series  1  —  a'  +  #2  +  &c.,  where  x 

*  Communicated  by  the  Author. 
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is  less  than  1,  it  is  still  equal  to  -— .     I  am  not  sorry  to  have  the 

m 

opportunity  afforded  me  of  expressing  more  fully  my  views 
upon  this  point. 

It  is  somewhat  difficult  to  conceive  how,  by  considering  the 
series  1  —  1  +  1  —  &c.  as  the  limit  of  another  series,  or  by 
considering  it  in  any  other  point  of  view,  we  can  make  its 
value  different  from  what  it  is.  If  it  be  the  limit  of  the  series 
1—  x  +  x*  —  &c,  where  x  is  less  than  1,  and  if  moreover  the 

limit  of  this  last  is    — ,  it  follows  incontrovertibly  that  1  —  1 

m 

+  1—  &c.  must  in  all  cases  =  — .     The  mistake  here  arises 

2 

from  calling  1  —  1  +  1  — &c.  the  limit  of  1  —  x  +  x2  —  &c,  where 
x  is  less  than  1.  It  is  no  such  thing.  It  is  indeed  the  value 
which  that  series  assumes  when  the  limiting  value  is  given  to 
the  variable ;  but  it  does  not  thence  follow,  nor  is  it  the  fact, 
that  the  one  series  is  the  limit  of  the  other.  We  might  ex- 
pect the  case  to  be  otherwise,  but  it  is  not.  Prof.  Young 
himself  admits,  that  without  exception 

X^  +  ^+^^^^^+i^^;      .       .(«.) 

and  this  holding  always  will  hold  in  the  limit  when  a:  =  1, 
which  gives  us,  when  n  is  infinite, 

]  _  i  x  i  _  &c.  =  —  +  —  =  I  or  0  indifferently. 
2         2 

From  the  same  original  equation  we  likewise  deduce  this 
other,  that  when  x  is  not  greater  than  1, 

1— a?  +  a-2  —  &c.  =  — — , 
1  +x 

except  in  the  limit :  whence  it  follows  that  the  series  1  —  a?  +  a;2 

—  &c,  where  x  is  not  greater  than  1,  approaches  — ■  as  its 

limit.  Now  this  is  not  more  incontrovertible  than  that  1  —  1 
+  1  — &c.  is  equal  to  1  or  0,  from  which  it  is  evident  that  the 
series  1  — a-+a?2— &c,  where  x  is  less  than  1,  does  not  approxi- 
mate to  the  series  1  — 1  +  1— &c.  as  its  limit;  for  the  limit  of 
a  quantity  or  ratio  is  that  quantity  or  ratio  to  which  it  conti- 
nually approximates,  and  from  which,  although  it  never  actu- 
ally reaches  it,  its  difference  can  be  made  less  than  any  as- 
signable quantity.  It  is  perfectly  true  then  that  the  limit  of 
the  series  1—  x  +  x2— &c,  where  x  is  less  than  1,  or  of  the 
series  1  —  (1  —  x)  +  (1  —  ar)2  —  (1  —  x)3+  &c,  where  *  is  greater 
Phil.  Mag.  S.  3.  Vol.  28.  No.  185.  Feb.  1816.  L 
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than  0,  is  — ,  but  let  no  one  thence  attempt  to  draw  the  in- 

ference  that  1  —  1  +  1  — &c.  =  — -  ;  for  1  —  1  + 1  — &c.  is  not  the 

2 

limit  of  either  of  the  series,  it  is  simply  the  form  they  respect- 
ively assume  when  the  variable  has  its  limiting  value,  which 
is  a  very  different  thing,  as  we  have  seen. 

The  broad  fact  which,  although  as  clear  as  the  sun  at  noon 
day,  so  many  seem  to  hesitate  to  admit,  is,  that  when  x  is  very 
small,  if  it  be  an  actual  magnitude,    . 

l-(l-x)-(l-x)*  +  &c. 

differs  very  little  from  — ,  but  that  when  x  vanishes,  it  assumes 

two  values,  I  and  0.  There  is  in  this  case  no  middle  term 
between  entity  and  non-entity.  The  idea  is  simple  and  the 
fact  certain. 

Prof.  Young  holds  it  to  be  an  axiom,  that  "  the  value  which 
suffices  for  all  cases  except  the  extreme  case,  will  suffice  for 
that  too,"  or  uses  words  to  that  effect.  This  is  a  most  un- 
warrantable and  false  assumption.  Take  the  case  of  the  same 
series, 

1  —  X  +  x2— X3  +  &c, 

where  x  is  greater  than  1.  The  value  in  this  case,  as  is  easily 
seen  from  equation  (</.),  is  +  oo  indifferently;  and  this  holding 
always, except  in  the  extreme  case,  when  x=  1,  it  would  follow, 
on  Prof.  Young's  principle,  that  it  holds  in  that  too,  and 
therefore  that  1  —  1  +  1  —  &c.  =  +  co ;  and  he  has  before  sup- 
posed it  to  be  equal  to  — ,  which  is  absurd. 

We  may  hence  see  the  absurdity  of  any  attempt  to  prove 
that  1  — 1  +  1  —  &c.,  considered  as  the  limit  of  1  —  x  +  #2—  &c, 

where  x  is  less  than  1,  is  equal  to  — ;  for  by  this  nothing  else 

25 

can  be  meant  than  to  prove  that  the  one  series  is  the  limit  of 
the  other,  which  is  contrary  to  the  fact. 

Prof.  Young's  attempt  in  this  respect  depends  on  the  as- 
sumption that  (  1 )  =  ey  the  base  of  the  Napierian  sy- 
stem, which  is  untrue,  and  which  at  any  rate  I  challenge  him 

i_ 

to  prove.     Does  he  consider  that  (1  — 0)    °  =  e? 
Liverpool,  November  10,  1845. 
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Postscript. 

I  have  just  read  Prof.  Young's  second  paper,  and  without 
entering  into  all  the  windings  of  his  argument,  I  shall  proceed 
to  animadvert  upon  such  parts  of  it  as  refer  to  my  own. 

After  some  preliminary  matter  the  Professor  proceeds, 
"Let  us  now  examine  the  series 

—  +  A  cos  I  +  A2  cos  2  0  +  &c.  +  A"  cos  n  0, 

so  intimately  connected  with  Fourier's  integral,  and  which 
has  already  been  the  subject  of  consideration  in  Mr.  Moon's 
paper  before  adverted  to.  This  series,  as  there  shown,  or 
much  more  simply,  by  common  division,  arises  from  the  de- 
velopment of  the  fraction 

l=^ .        .  .  .  ri.i 

2(1  -2Acos0  +  A2)'  L    J 

so  that,  taking  account  of  the  remainder  of  the  division,  the 
general  equivalent  of  the  series  is  this  fraction  minus 

A„4.icos(rc  +  1)0 -Acqs  w0  f2l 

l-2Acos0  +  A2  *  *  '  '  L  -J 
Now  confining  our  attention  to  the  continuous  values  of  A,  it 
is  obvious,  upon  the  principles  laid  down  in  the  former  part 
of  this  paper,  that  in  the  extreme  case  of  A  =  1  and  n  =  oo , 
the  fraction  [2.]  vanishes;  and  [1.]  alone  correctly  represents 
the  sum  of  the  series  in  the  limiting  case." 

What  is  meant  by  "  confining  our  attention  to  the  conti- 
nuous values  of  A?"  Can  we  draw  any  conclusion  from  the 
equation 

—  +  A  cos  0  +  A2  cos  2  0  +  &c.  +  Ara  cos  n  0, 

_  1— A2  ,cos(w  +  l)0—  A  COS  72  0 

~2(l-2Acos0  +  A2)  1  —  2Acos0  +  A2 

other  than  the  following,  viz.  that  so  long  as  A  is  positive, 
and  differs  from  1  by  an  actual  magnitude,  in  the  limit  when 

n  ■=.  oo , 

—  +  A  cos  0  +  A2  cos  2  0  +  &c.  in  inf. 

£i  ... 

1  -A2 


2  (1  -  2  A  cos  0  +  A2) ' 
and  that  when  A  ceases  to  differ  from  1  by  an  actual  magni- 
tude, the  same  series 

-  f  1— A2  T  fCQS(w+l)0  —  COSM0  \  7 

''  l2(l-2Acos0  +  A2)J  A=1       L       2(l-cos0)       Jn=w* 

L2 
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Prof.  Young  appears  to  be  haunted  by  the  ghost  of  an  ar- 
gument, and  it  is  somewhat  difficult  for  others  whose  rest  is 
not  scared  by  the  same  phantom,  to  tell  what  he  is  driving  at ; 
but  it  appears  to  me  that  his  difficulties,  whatever  they  may 
be,  arise  from  an  inaccurate  mode  of  expression  which  has 
crept  into  use,  and  of  which  he  has  not  perceived  the  impro- 
priety. Thus  later  on,  we  find  him  saying,  "  The  real  error, 
so  frequently  committed  in  analysis,  consists  in  confounding 

—  +  cos  9  +  cos  20  +  &c.  in  inf. 

with  the  limit  of 

— -  -f  A  cos  9  +  A2cos20  -f  &c.  in  inf. 

38 

and  calling  [1.],  when  A  =  1,  the  sum  of  the  former."     Now 
I  would  observe  that  the  expression,  the  limit  of  the  series 

i+  A  cos  0  +  A2cos20, 
2 

is  a  relative  term,  and  in  this  case  means  the  value  to  which 
the  series  tends,  when  the  difference  between  A  and  1  gra- 
dually diminishes;  and  from  which  value  (or  rather  quantity) 
it  can  be  made  to  differ  by  a  quantity  less  than  any  that  can 
be  assigned.  But  there  is  no  propriety  in  the  expression,  "  the 
limit  of  the  series  when  A=  1."  The  phrase  should  be,  the 
particular  value  of  the  series  when  A=  1.  It  is  perfectly  true 
that  so  long  as  the  difference  between  A  and  1  is  an  actual 
magnitude  (which  phrase  I  use  advisedly,  as  the  abuse  of  the 
expressions  finite  quantities  and  indefinitely  small  quantities 
has  led  many  people  to  believe  that  there  is  after  all  no  essen- 
tial difference  between  entity  and  non-entity),  the  series  by  di- 
minishing that  difference  can  be  made  to  differ  from 
{1  —  A2  "1  1 

2(l-2Acos0  +  A2)  fU  L  6'  fl'°m  ^1 


2 

by  a  quantity  less  than  any  that  can  be  assigned ;  but  it  does 
not  thence  follow,  nor  is  it  the  fact,  that  when  A  =  1  the 

series  becomes  = t-  ;    for  from  the  same  evidence  as 

2sin^— - 
2 

that  by  which  we  are  led  to  the  conclusion  that  when  A  <  1 

limit, 

1-  A  cos  0  +  A2  cos  2  0  +  &c.  in  inf.  = r-, 


2  sin2— 
2 
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we  likewise  deduce  the  fact  that 

—  -f  cos  0  +  cos  2  0  +  &c.  in  inf. 
2 

1  fcos(rc  +  1)0  —  coswH 

>n  =  oo. 


2sin2  — 


L         2(1 -cos  9) 


Prof.  Young  indeed  "  considers  it  an  axiom,  that  what  holds 
for  all  but  the  extreme  case  will  hold  for  that  too,"  but  I 
must  beg  to  submit  that  this  is  a  matter  of  fact  and  not  of  opi- 
nion; and  the  fallacy  of  the  principle  in  the  present  case  I 
have  sufficiently  shown  in  the  former  part  of  this  paper.  With 
all  due  deference  therefore  to  Prof.  Young,  I  shall  reassert, 
that  Mr.  De  Morgan  is  in  error  in  affirming  (1.)  to  be  the 
limit  of  the  proposed  series  "when  A  =  1."  Omit  the  words 
"when  A  =  1,"  and  I  admit  the  proposition.  Insert  those 
words,  and  the  fact  expressed  is  untrue,  if  it  be  not  wholly 
unmeaning. 

Prof.  Young  says  again,  "  It  is  easily  proved  that 

z*00  a  Z*50  .  1 

/      e~ax  o.o%xdx  = 5,         /      e-axsmxdx=.—i — 5,    (a.) 

Jo  l+a2»/o  l-fa2V/ 

from  which  it  certainly  follows,  though  the  inference  is  denied 
by  Mr.  Moon,  that  in  the  limit,  when  a  =  0,  the  true  values 
of  these  integrals  are  0  and  1."  I  do  not  deny  the  inference, 
that  the  limits  of  the  integrals  when  a  is  diminished  indefi- 
nitely, so  long  as  it  continues  an  actual  magnitude,  are  0  and 
1 ;  but  I  do  deny  that  the  limits  of  the  integrals  are  to  be 
found  by  putting  a  =  1  in  the  left-hand  members  of  the  two 
equations  («.),  that  is,  I  deny  that 

/      co&xdx  and    /      sin#d.r 

<J  0  *J  0 

are  the  limits  of 

/     e-™ cosxdx,  I      e-^svbxdx, 

which  is  all  I  care  to  establish. 
December  10,  1845. 

Postscript  2. 

I  have  read  Prof.  Young's  third  paper.  Had  my  reply  to 
his  first  paper  been  inserted  in  proper  course,  it  is  probable 
that  he  would  have  saved  himself  the  trouble  of  writing,  and 
the  public  of  reading  his  last  two  papers.  The  staple  of  what 
I  have  to  advance  in  opposition  to  this  last  is  contained  in  my 
two  previous  notices.  A  few  words,  however,  are  still  called 
for. 
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The  Professor  begins,  "The  general  expression  for  the 
sum  of  the  infinite  series 

1—  x  +  x*  — x3  +  x4—  &c. 

1S  B  "  TT^  ~  T+r 

What  may  be  meant  by  the  recondite  symbol  oo  ",  I  do  not 
profess  to  understand.     But  it  appears  to  me  that 

«  =  -!_     (-*)00- 

1+x         1+x    ' 
and  I  am  induced  to  think  that  Prof.  Young  himself  will  come 
to  be  of  the  same  opinion  when  he  again  undertakes  to  exa- 
mine the  subject. 

It  is  unnecessary  for  me  to  reply  to  the  argument  of  the 
present  paper,  which  appears  to  rest  upon  one  of  Prof.  Young's 
previous  fallacies  which  I  have  elsewhere  exposed.  I  shall 
merely  advert  to  the  conclusion  at  which  he  ultimately  arrives, 
"  that  it  is  indisputably  true  that  the  extreme  of  the  convergent 
cases  of  the  above  series  S,  usually  written  in  the  form 
1  —  1  +  1—1  +  &c. 

is  — ,  and  that  the  extreme  of  the  divergent  cases,  usually 

written  in  the  same  form,  is  really  infinite,  as  stated  in  his 
former  paper." 

I  am  afraid  that  Prof.  Young  will  be  apt  to  mystify  both 
himself  and  his  readers  by  talking  about  "the  extreme  of  the 
divergent  cases"  and  "the  extreme  of  the  convergent  cases." 
If  these  "  extremes  "  are  usually  written  under  the  above  form, 
I  can  only  say  that  such  usage  is  "  extremely"  improper.  But 
let  Prof.  Young  define  the  terms  he  uses.  What  is  meant  by 
"the  extreme  of  the  convergent  series"  for  example?  Is  it 
the  value  of  the  series 

l-(l-tf)  +  (l-:r)2+(l-.r)3-&c («.) 

when  x  —  0  ?     If  so,  I  beg  to  assure  him  that  the  extreme 

value  of  the  convergent  series  is  not  — ,  but  1  or  0  indiffer- 

25 

ently.  The  fact  is,  it  is  absurd  to  talk  of  "extreme  values" 
in  these  cases.  If  x  be  made  ever  so  small,  there  will  al- 
ways be  some  smaller  value  which  might  be  assigned  to  it; 
so  that  it  is  impossible  to  assign  an  extreme  value  to  x  so  long 
as  it  is  an  existing  magnitude,  and  the  moment  it  ceases  to  be 
such  the  series  ceases  to  be  equal  (or  rather  to  approximate) 

to  — .     Twist  and  turn  it  as  he  may,  Prof.  Young  will  never 

be  able  to  prove  the  series 
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1  —  x  +  x*  —  a,3  +  &c.  m  — . 

2 

It  may  be  made  to  differ  from  that  quantity  by  a  quantity  less 
than  any  that  can  be  assigned,  but  it  is  never  actually  to  it — 
least  of*  all  is  it  so  when  x  =  0,  in  which  case  it  assumes  a  to- 
tally different  value. 

It  was  not  for  nothing  that  Newton  devised  his  method  of 
limits,  and  to  the  present  case  it  applies  with  peculiar  clear- 
ness and  beauty.  But  no  longer  to  fight  with  shadows,  I 
shall  take  up  a  definite  position,  and  shall  leave  it  to  Pro- 
fessor Young  to  drive  me  from  it  if  he  can.  I  assert,  then, 
that  the  series 

l-(l-#)  +  (l-#)2-(l-*)3+&c, 

so  long  as  x  lies  between  0  and  1,  and  differs  from  each  of 
them  by  an  actual  magnitude  (I  do  not  say  a  sensible  magni- 
tude, for  the  present  is  not  a  question  of  degree),  approaches 

to  —  as  its  limit  when  x  is  made  to  diminish ;  that  when  #=0, 
2 

the  absolute  value  of  the  series  is  1  or  0  indifferently ;  that 

when  x  is  less  than  0,  it  becomes  +  co  indifferently ;  and  I 

defy  any  man  now  living,  or  as  the  lawyers  say,  who  may 

hereafter  come  in  esse,  to  prove  anything  else,  be  it  more  or 

less  concerning  it. 

Prof.  Young  considers  that  the  conclusion,  that  "the  ex- 
treme of  the  divergent  cases  is  really  infinite,"  could  "  never 
have  been  anticipated  from  the  theory  hitherto  prevalent." 
Protesting  as  I  do  against  the  use  of  the  term  "  extreme  of 
the  divergent  cases,"  I  may  say  that  long  before  Prof.  Young 
either  said  or  wrote  a  word  upon  the  subject,  I  had  shown 
that  all  the  divergent  cases  have  the  value  +  co  indifferently. 

Again,  Prof.  Young  says,  "if  he  has  been  anticipated  in  any 
of  these  views,  which  are  doubtless  calculated  to  produce  a 
reform  in  the  existing  theory,  he  hopes  to  be  informed  of  the 
circumstance  through  the  medium  of  this  Journal."  I  beg  to 
assure  him  therefore,  through  the  pages  of  this  Journal,  that 
all  his  views  which  are  not  erroneous  (though  what  propor- 
tion that  may  be  I  confess  myself  unable  to  state,  as  I  do  not 
understand  very  clearly  what  they  are)  have  been  anticipated 
in  my  paper  dated  March  17,  1845,  and  published  in  the 
number  of  this  Journal  for  June  in  the  past  year. 

I  now  await  Prof.  Young's  answer,  trusting  that  I  may  not 
be  under  the  necessity  of  replying  to  any  more  of  his  papers 
till  he  has  had  an  opportunity  of  reading  some  of  mine. 

January  3,  1846. 
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XXVI.  Remarks  on  a  Paper  by  Mr.  Moon  on  Fresnel's 
Theory  of  Double  Refraction*.     By  Jesuiticus. 

^l^HE  hypothesis  on  which  Fresnel's  theory  of  double  re- 
J-      fraction  is  based,  is  the  following: — 

"That  the  displacement  of  a  molecule  of  the  vibrating  me- 
dium in  a  crystallized  body  is  resisted  by  different  elastic 
forces  according  to  the  different  directions  in  which  the  dis- 
placement takes  place." 

This  is  not  a  mere  speculative  hypothesis,  but  is  based  on 
experiment.  It  is  found  that  glass,  possessing  only  the  power 
of  single  or  ordinary  refraction,  may  be  made  by  the  applica- 
tion of  heat,  or  by  mechanical  pressure,  to  possess  that  of 
double  refraction. 

It  is  further  supposed  that  the  medium  is  symmetrical  with 
respect  to  three  rectangular  axes  in  space,  but,  in  general,  not 
symmetrical  with  respect  to  any  other  axis  through  the  same 
origin.  These  axes  are  called  the  axes  of  elasticity.  It  is 
then  proved,  that  if  any  particle  of  the  aether  be  suddenly  dis- 
placed, the  other  particles  remaining  quiescent,  the  force  of 
restitution  developed  by  such  disturbance  will  not  in  general  be 
in  the  direction  of  the  displacement,  but  only  when  such  dis- 
placement is  in  the  direction  of  the  aforesaid  axes  of  elasticity. 
The  elegant  demonstration  of  Smith,  quoted  by  Mr.  Moon, 
is  by  Mr.  Moon's  own  showing  fully  adequate  to  establish  the 
theorem  as  I  have  enunciated  it,  which  is  doubtless  the  sense 
in  which  Fresnel  (the  illustrious  Fresnel,  "  whose  name  is  en- 
rolled amongst  those  which  pass  not  away,")  doubtlessly  con- 
ceived it. 

Any  one  who  understands  the  subject  must  at  once  acknow- 
ledge that  any  theory  of  light  must  be,  to  a  considerable  ex- 
tent, imaginative;  and  that  theory  which  can  explain  the 
greatest  number  of  facts  ought  to  claim  the  attention  of  the 
philosopher  more  than  any  other.  It  is  to  this  that  the  undu- 
latory  theory  owes  its  great  celebrity,  and  of  all  parts  of  the 
undulatory  theory,  that  of  double  refraction  is  the  most  extra- 
ordinary. It  ought  to  be  regarded  as  a  stupendous  monument 
of  human  ingenuity.  It  must  not  be  forgotten  how  admirably 
the  properties  of  uniaxal  crystals  follow  from  the  general  in- 
vestigation of  the  biaxal  class ;  but  above  all,  how  from  this 
same  investigation,  conical  and  cylindrical  refraction  were  dis- 
covered by  Sir  William  Hamilton.  Such  an  unexpected  re- 
finement as  this,  which  probably  would  never  have  been  re- 
cognised by  the  mere  experimentalist,  undirected  by  the  skill 
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of  so  great  an  analyst,  is  surely  no  slight  recommendation  of 
the  theory. 

Mr.  Moon  subsequently  gives  a  quotation  from  Airy's 
Tracts,  concerning  which  he  is  by  no  means  sparing  in  arro- 
gant and  supercilious  criticism.  But  is  it  likely  that  Airy 
would  make  such  a  fool  of  himself  as  Mr.  Moon  earnestly  en- 
deavours to  represent?  It  must  be  remembered,  that  at  the 
lime  Airy's  Tracts  were  published,  very  little  of  the  undula- 
tory  theory  was  studied  or  known  in  Cambridge. 

It  was  the  part  of  this  philosopher,  therefore,  to  put  every- 
thing as  much  as  possible  in  the  clearest  and  most  simple  point 
of  view.  That  there  are,  and  will  perhaps  long  continue  to 
be,  difficulties  in  the  undulatory  theory,  none  of  its  supporters 
will  deny.  None  of  those  difficulties  are  shirked  or  glossed 
over  in  the  Tract  of  Airy ;  he  plainly  acknowledges  each  as  it 
arrives.  He  no  doubt  himself  considered  the  part  quoted  by 
Mr.  Moon  more  as  an  illustration  than  anything  else.  Those 
who  wish  to  see  the  matter  treated  with  all  the  analytical  ge- 
nerality of  which  it  is  capable,  are  referred  to  a  tract  on  the 
Reflexion  and  Refraction  of  Light  at  the  Surface  of  two  con- 
tiguous Media,  by  the  late  famous  George  Green,  in  the 
Cambridge  Philosophical  Transactions. 

I  have  one  word  more  with  Mr.  Moon.  He  says,  that  on 
substituting  for  u, 

du ,       d2u    IP 


and  for  u', 


dxh  +  ^21.2'&C'' 


du7       d*u  h*     a 


that  h  is  considered  small  with  respect  to  u. 

Does  Mr.  Moon  know  anything  of  analysis?  He  was 
eighth  wrangler  in  1838,  and  therefore  he  ought  to  know 
something.  His  knowledge,  however,  has  served  him  mise- 
rably on  this  occasion.  The  substitutions,  stopping  at  h% 
merely  require  that  h  should  be  small  in  comparison  with  the 
length  of  a  wave,  not  with  respect  to  u. 

Jesuiticus. 


XXVII.     Observations  on  the  subject  of  the  Preceding  Com- 
munications.    By  the  Editors. 

/"^N  the  subject  of  the  foregoing  letter,  the  Editors  are  induced  to 
VJ  subjoin  a  few  remarks,  as  besides  the  attacks  on  Fresnel,  they 
have  also  received  from  Mr.  Moon  one  more  paper,  containing  stric- 
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tures  on  the  writings  of  another  distinguished  mathematician,  besides 
the  reply  to  Mr.  Young  which  they  now  publish. 

In  the  admission  of  mathematical  articles,  the  Editors  are  obliged 
to  consult  both  quantity  and  character,  as  follows : — 

It  is  not  in  their  power  to  admit  any  very  great  quantity  of  pure 
mathematics.  The  majority  of  the  readers  of  the  Magazine  are 
more  interested  in  other  sciences,  and  the  Magazine  would  soon 
cease  to  exist  if  it  were  more  than  sparingly  supplied  with  articles 
on  lofty  mathematical  subjects. 

As  to  the  character  of  their  mathematical  articles,  the  Editors  are 
placed  in  a  peculiar  position.  They  do  not  themselves  profess  to  be 
so  conversant  with  the  higher  mathematics  as  to  rely  entirely  on 
their  own  judgement.  In  the  articles  which  they  insert,  they  must 
be  guided  by  opinions.  If  they  occasionally  insert  an  article  in  which 
the  general  opinions  of  mathematicians  are  controverted,  it  is  because 
they  feel  that  mathematicians  themselves  would  occasionally  like  to 
see  the  manner  in  which  dissent  from  generally  received  principles 
manifests  itself;  and  because  they  know  that  such  occasional  inser- 
tion will  not,  in  the  eyes  of  those  same  mathematicians,  make  them, 
the  Editors,  appear  to  be  assuming  a  side  in  controversies  of  the  me- 
rits of  which  they  are  not  sufficient  judges. 

But  if  the  Editors  were  to  lend  their  Magazine  to  an  extensive 
system  of  attack  upon  any  usual  results  and  methods  of  mathema- 
tics, either  pure  or  mixed,  they  feel  that  they  could  not  escape  the 
charge  of  presumption.  Whatever  might  be  thought  of  an  occasional 
paper,  they  feel  sure  that  a  series  of  such  papers  would  cause  them 
to  be  considered,  and  justly  considered,  as  expressing  an  opinion  on 
matters  in  which  their  knowledge  is  but  limited.  They  would  make 
just  the  same  answer  to  a  proposition  for  as  extensive  a  system  of 
defence  to  be  inserted  in  their  Magazine.  They  would  suggest  to 
both  assailants  and  defendants  to  carry  their  communications  to 
quarters  in  which  they  will  find  more  competent  judges.  The  pages 
of  the  Philosophical  Transactions,  of  the  Memoirs  of  the  Royal  Irish 
Academy,  of  the  Cambridge  Philosophical  Society,  of  the  Cambridge 
Mathematical  Journal,  &c,  are  much  fitter  vehicles  for  extensive  ma- 
thematical discussion  than  those  of  the  Philosophical  Magazine. 

As  to  one  point,  however,  the  Editors  feel  that  a  responsibility 
rests  upon  themselves,  namely,  as  to  the  tone  and  temper  in  which 
controversial  communications  are  expressed.  They  are  persuaded 
that  the  differing  opinions  of  men  of  science  upon  difficult  subjects 
may  be  fully  conveyed  without  any  deviation  from  the  respect  and 
courtesy  with  which  public  discussion  ought  to  be  conducted  : — and 
they  feel  regret  when  anything  which  is  objectionable  in  this  respect 
obtains  a  place  in  their  pages. 
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EXPERIMENTAL  Researches  in  Electricity."  By  Michael 
Faraday,  Esq.,  D.C.L.,  F.R.S.  &c.  Twentieth  Series.  Sec- 
tion 26th.  "  On  New  Magnetic  Actions ;  and  on  the  Magnetic 
Condition  of  all  Matter." 

The  following  is  the  order  in  which  the  several  divisions  of  the 
subject  treated  of  in  this  section  of  the  author's  researches  in  elec- 
tricity succeed  one  another: — 1.  Apparatus  required.  2.  Action 
of  magnets  on  heavy  glass.  3.  Action  of  magnets  on  other  sub- 
stances acting  magnetically  on  light.  4-.  Action  of  magnets  on  the 
metals  generally.  5.  Action  of  magnets  on  the  magnetic  metals  and 
their  compounds.  6.  Action  of  magnets  on  air  and  gases.  7.  Ge- 
neral considerations. 

In  giving  an  account  of  the  contents  of  this  paper,  any  attempt  to 
follow  the  track  of  the  author  in  the  precise  order  in  which  he  re- 
lates the  consecutive  steps  of  his  progress  in  this  new  path  of  dis- 
covery, would  fail  of  accomplishing  its  object :  for,  by  adhering  to 
such  a  course,  it  would  scarcely  be  possible  to  comprise  within  the 
requisite  limits  of  an  abstract  the  substance  of  a  memoir  extending, 
as  the  present  one  does,  to  so  great  a  length,  and  of  which  so  large 
a  portion  is  occupied  with  minute  and  circumstantial  details  of  ex- 
periments ;  or  to  succeed  in  conveying  any  clear  and  distinct  idea  of 
the  extraordinary  law  of  nature  brought  to  light  by  the  author,  and 
of  the  important  conclusions  which  he  has  deduced. 

One  of  the  simplest  forms  of  experiment  in  which  the  operation 
of  this  newly-discovered  law  of  magnetic  action  is  manifested,  is  the 
following: — A  bar  of  glass,  composed  of  silicated  borate  of  lead, 
two  inches  in  length,  and  half  an  inch  in  width  and  in  thickness,  is 
suspended  at  its  centre  by  a  long  thread,  formed  of  several  fibres  of 
silk  cocoon,  so  as  to  turn  freely,  by  the  slightest  force,  in  a  hori- 
zontal plane,  and  is  secured  from  the  agitation  of  currents  of  air  by 
being  enclosed  in  a  glass  jar.  The  two  poles  of  a  powerful  electro- 
magnet are  placed  one  on  each  side  of  the  glass  bar,  so  that  the 
centre  of  the  bar  shall  be  in  the  line  connecting  the  poles,  which  is 
the  line  of  magnetic  force.  If,  previous  to  the  establishment  of  the 
magnetic  action,  the  position  of  the  bar  be  such  that  its  axis  is  in- 
clined at  half  a  right  angle  to  that  line,  then,  on  completing  the 
circuit  of  the  battery  so  as  to  bring  the  magnetic  power  into  opera- 
tion, the  bar  will  turn  so  as  to  take  a  position  at  right  angles  to  the 
same  line ;  and,  if  disturbed,  will  return  to  that  position.  A  bar  of 
bismuth,  substituted  for  the  glass  bar,  exhibits  the  same  pheno- 
menon, but  in  a  still  more  marked  manner.  It  is  well  known  that  a 
bar  of  iron,  placed  in  the  same  circumstances,  takes  a  position  co- 
incident with  the  direction  of  the  magnetic  forces  ;  and  therefore  at 
right  angles  with  the  position  taken  by  the  bar  of  bismuth  subjected 
to  the  same  influence.  These  two  directions  are  termed  by  the  au- 
thor axial  and  equatorial;  the  former  being  that  taken  by  the  iron, 
the  latter  that  taken  by  the  bismuth. 
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Thus  it  appears  that  different  bodies  are  acted  upon  by  the  mag- 
netic forces  in  two  different  and  opposite  modes  ;  and  they  may  ac- 
cordingly be  arranged  in  two  classes  ;  the  one,  of  which  iron  is  the 
type,  constituting  those  usually  denominated  magnetics ;  the  other, 
of  which  bismuth  may  be  taken  as  the  type,  obeying  a  contrary  law, 
and  therefore  coming  under  the  generic  appellation  of  diamagnetics. 
The  author  has  examined  a  vast  variety  of  substances,  both  simple 
and  compound,  and  in  a  solid,  liquid,  or  gaseous  form,  with  a  view 
to  ascertain  their  respective  places  and  relative  order  with  reference 
to  this  classification.  The  number  of  simple  bodies  which  belong 
to  the  class  of  magnetics  is  extremely  limited,  consisting  only  of 
iron,  which  possesses  the  magnetic  property  in  an  eminent  degree, 
nickel,  cobalt,  manganese,  chromium,  cerium,  titanium,  palladium, 
platinum  and  osmium.  All  other  bodies,  when  either  solid  or  liquid, 
are  diamagnetic ;  that  is,  obey  the  same  law,  with  regard  to  mag- 
netic action,  as  bismuth,  but  with  various  degrees  of  intensity : 
arsenic  is  one  of  those  that  give  the  feeblest  indications  of  possess- 
ing this  property.  The  following  exhibit  it  in  increasing  degrees, 
according  to  the  order  in  which  they  are  here  enumerated  ;  namely, 
ether,  alcohol,  gold,  water,  mercury,  flint  glass,  tin,  lead,  zinc,  an- 
timony, phosphorus,  bismuth.  On  the  other  hand,  no  gaseous  body 
of  any  kind,  or  in  any  state  of  rarefaction  or  condensation,  affords 
the  slightest  trace  of  being  affected  by  magnetic  forces.  Gases  may 
therefore  be  considered  as  occupying  the  neutral  point  in  the  mag- 
netic scale,  intermediate  between  magnetic  and  diamagnetic  bodies. 

The  magnetic  properties  of  compound  bodies  depend  on  those  of 
their  elements ;  and  the  bodies  are  rendered  either  magnetic  or  dia- 
magnetic according  to  the  predominance  of  one  or  other  of  these 
conditions  among  their  constituent  parts.  Thus  iron  is  found  to  re- 
tain its  magnetic  power  when  it  has  entered  into  combination  with 
other  bodies  of  the  diamagnetic  class ;  the  two  forces  acting  in  op- 
position to  one  another,  and  the  resulting  effect  being  only  that  due 
to  the  difference  in  their  power.  Hence  the  oxides  and  the  salts  of 
iron  are  still  in  a  certain  degree  magnetic,  and  the  latter  even  when 
they  are  held  in  solution  by  water ;  but  the  water  may  be  present 
in  such  a  proportion  as  that  neither  shall  prevail ;  and  the  solution, 
as  far  as  respects  its  magnetic  properties,  will  then  be  exactly  neu- 
tralized. These  saline  solutions,  prepared  of  various  degrees  of 
strength,  also  afford  a  convenient  method  of  comparing  the  relative 
degrees  of  force,  both  magnetic  and  diamagnetic,  of  different  bodies, 
whether  solid  or  fluid,  but  more  especially  the  latter,  as  they  admit 
of  the  body  under  examination  being  suspended  in  another  liquid, 
when  its  position  of  equilibrium  will  indicate  which  of  the  two  sub- 
stances has  the  strongest  magnetic  power. 

In  one  respect,  indeed,  the  diamagnetic  action  presents  a  remark- 
able contrast  with  the  magnetic ;  and  the  difference  is  not  merely  one 
of  degree,  but  of  kind.  The  magnetism  of  iron  and  other  magnetics 
characterized  by  polarity ;  that  of  diamagnetics  is  devoid  of  any 
trace  of  polarity ;  the  particles  of  two  bodies  of  the  latter  class, 
when  jointly  under  the  influence  of  the  magnetic  forces,  manifest 
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towards  each  other  no  action  whatever,  either  of  attraction  or  re- 
pulsion. It  has  long  been  known  that  the  magnetism  of  iron  is  im- 
paired by  heat;  and  it  has  been  generally  believed  that  a  certain 
degree  of  heat  destroys  it  entirely.  The  author  finds,  however,  that 
this  opinion  is  not  correct ;  for  he  shows  that,  by  applying  more 
powerful  tests  than  those  which  had  been  formerly  confided  in, 
iron,  nickel  and  cobalt,  however  high  their  temperature  may  be 
raised,  still  retain  a  certain  amount  of  magnetic  power,  of  the  same 
character  as  that  which  they  ordinarily  possess.  From  the  different 
temperatures  at  which  the  magnetic  metals  appear  to  lose  their  pe- 
culiar power,  it  had  formerly  been  surmised  by  the  author  that  all  the 
metals  would  probably  be  found  to  possess  the  same  character  of  mag- 
netism, if  their  temperature  could  be  lowered  sufficiently  ;  but  the  re- 
sults of  the  present  investigation  have  convinced  him  that  this  is  not 
the  case,  for  bismuth,  tin,  &c.  are  in  a  condition  very  different  from 
that  of  heated  iron,  nickel  or  cobalt. 

The  magnetic  phenomena  presented  by  copper  and  a  few  other 
metals  are  of  a  peculiar  character,  differing  exceedingly  from  those 
exhibited  by  either  iron  or  bismuth,  in  consequence  of  their  being 
complicated  with  other  agencies,  arising  from  the  gradual  acquisi- 
tion and  loss  of  magnetic  power  by  the  iron  core  of  the  electro- 
magnet, the  great  conducting  power  of  copper  for  electric  currents, 
and  its  susceptibility  of  being  acted  upon  by  induced  currents  of 
magneto-electricity,  as  described  by  the  author  in  the  first  and  se- 
cond series  of  these  researches.  The  resulting  phenomena  are  to 
all  appearance  exceedingly  singular  and  anomalous,  and  would  seem 
to  be  explicable  only  on  the  principles  referred  to  by  the  author. 

Pursuing  his  inductive  inquiries  with  a  view  to  discover  the  pri- 
mary  law  of  magnetic  action  from  which  the  general  phenomena 
result,  the  author  noticed  the  modifications  produced  by  different 
forms  given  to  the  bodies  subjected  to  experiment.  In  order  that 
these  bodies  may  set  either  axially  or  equatorially,  it  is  necessary 
that  their  section,  with  reference  to  the  plane  of  revolution,  be  of  an 
elongated  shape :  when  in  the  form  of  a  cube  or  sphere  they  have 
no  disposition  to  turn  in  any  direction  :  but  the  whole  mass,  if  mag- 
netic, is  attracted  towards  either  magnetic  pole  ;  if  diamagnetic,  is 
repelled  from  them.  Substances  divided  into  minute  fragments,  or 
reduced  to  a  fine  powder,  obey  the  same  law  as  the  aggregate  masses, 
moving  in  lines,  which  may  be  termed  diamagnetic  curves,  in  con- 
tradistinction to  the  ordinary  magnetic  curves,  which  they  every- 
where intersect  at  right  angles.  These  movements  may  be  beauti- 
fully seen  by  sprinkling  bismuth  in  very  fine  powder  on  paper,  and 
tapping  on  the  paper  while  subjected  to  the  action  of  a  magnet. 

The  whole  of  these  facts,  when  carefully  considered,  are  resolva- 
ble, by  induction,  into  the  general  and  simple  law,  that  while  every 
particle  of  a  magnetic  body  is  attracted,  every  particle  of  a  diamag- 
netic body  is  repelled,  by  either  pole  of  a  magnet.  These  forces 
continue  to  be  exerted  as  long  as  the  magnetic  power  is  sustained, 
and  immediately  cease  on  the  cessation  of  that  power.  Thus  do 
these  two  modes  of  action  stand  in  the  same  general  antithetical  re- 
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lation  to  one  another  as  the  positive  and  negative  conditions  of  elec- 
tricity, the  northern  and  southern  polarities  of  ordinary  magnetism, 
or  the  lines  of  electric  and  of  magnetic  force  in  magneto-electricity. 
Of  these  phenomena,  the  diamagnetic  are  the  most  important,  from 
their  extending  largely,  and  in  a  new  direction,  that  character  of 
duality  which  the  magnetic  force  was  already  known,  in  a  certain 
degree,  to  possess.  All  matter,  indeed,  appears  to  be  subject  to  the 
magnetic  force  as  universally  as  it  is  to  the  gravitating,  the  electric, 
the  cohesive  and  the  chemical  forces.  Small  as  the  magnetic  force 
appears  to  be  in  the  limited  field  of  our  experiments,  yet  when 
estimated  by  its  dynamic  effects  on  masses  of  matter,  it  is  found  to 
be  vastly  more  energetic  than  even  the  mighty  power  of  gravitation, 
which  binds  together  the  whole  universe :  and  there  can  be  no 
doubt  that  it  acts  a  most  important  part  in  nature,  and  conduces  to 
some  great  purpose  of  utility  to  the  system  of  the  earth  and  of  its 
inhabitants. 

Towards  the  conclusion  of  the  paper,  the  author  enters  on  theo- 
retical considerations  suggested  to  him  by  the  facts  thus  brought  to 
light.  An  explanation  of  all  the  motions  and  other  dynamic  phe- 
nomena consequent  on  the  action  of  magnets  on  diamagnetic  bodies 
might,  he  thinks,  be  offered  on  the  supposition  that  magnetic  induc- 
tion causes  in  them  a  state  the  reverse  of  that  which  it  produces  in 
magnetic  matter :  that  is,  if  a  particle  of  each  kind  of  matter  were 
placed  in  the  magnetic  field,  both  would  become  magnetic,  and  each 
would  have  its  axis  parallel  to  the  resultant  of  magnetic  force  pass- 
ing through  it;  but  the  particle  of  magnetic  matter  would  have  its 
north  and  south  poles  opposite  to,  or  facing  the  contrary  poles  of 
the  inducing  magnet ;  whereas,  with  the  diamagnetic  particles,  the 
reverse  would  obtain ;  and  hence  there  would  result,  in  the  one 
substance,  approximation ;  in  the  other,  recession.  On  Ampere's 
theory,  this  view  would  be  equivalent  to  the  supposition  that,  as 
currents  are  induced  in  iron  and  magnetics,  parallel  to  those  existing 
in  the  inducing  magnet  or  battery  wire,  so,  in  bismuth  and  other 
diamagnetics,  the  currents  induced  are  in  the  contrary  direction. 
As  far  as  experiment  yet  bears  upon  such  a  notion,  the  inductive 
effects  on  masses  of  magnetic  and  diamagnetic  metals  are  the  same. 

XXIX.  Intelligence  and  Miscellaneous  Articles. 

ANALYSIS  OF  A  SUBSTANCE  OCCURRING  WITH  DISTHENE. 
BY  M.  A.  DELESSE. 

TN  most  mineralogical  collections  the  disthene  of  Pontivy  occurs, 
-*■  crystallized  in  large  prisms  of  a  sky-blue  colour ;  they  are  often 
nearly  4  inches  long  and  about  yg-ths  of  an  inch  wide  ;  the  spaces 
occurring  between  the  crystals  are  filled  with  a  white  lamellar, 
pearly  substance,  which  is  sometimes  so  intermixed  with  the  clea- 
vable  faces  of  the  prisms  of  disthene,  that  it  is  difficult  to  determine 
the  limits  of  the  two  minerals. 

This  substance  differs  from  any  hitherto  described,  and  possesses 
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the  following  characters  :  it  has  the  form  of  small  crystalline  laminae, 
usually  radiating  from  a  centre ;  it  is  sometimes  separated  from  dis- 
thene  by  a  thin  stratum  of  yellowish  oxide  of  iron,  evidently  result- 
ing either  from  the  recent  decomposition  of  disthene,  or  of  the  rock 
in  which  it  occurs.  In  fragments,  the  substance  is  yellowish- whife, 
and  translucent ;  is  cut  by  the  knife,  and  formed  by  the  agglomera- 
tion of  a  multitude  of  small  lamina3,  indicating  a  radiated  structure ; 
these  laminae  are  perfectly  transparent,  but  have  no  crystalline  form. 
The  cohesion  of  this  substance  is  slight,  but  still  it  is  difficult  to 
reduce  it  to  a  fine  powder.  When  pulverized  it  has  the  appearance 
of  small  scales  of  a  shining  silvery- white  colour,  with  a  pearly  lustre  ; 
it  is  soft  to  the  touch,  but  not  unctuous  like  talc ;  it  is  harder  than 
talc,  for  it  scratches  it ;  but  it  is  not  so  hard  as  fluor  spar ;  its  den- 
sity is  2'792;  after  drying  at  212°  and  heated  in  a  tube,  it  yields 
water ;  when  dried  over  sulphuric  acid  in  vacuo,  it  loses  only  a  few 
thousandths  of  its  weight,  and  retains  its  water,  which  is  conse- 
quently in  a  state  of  combination ;  heated  on  platina  it  swells  and 
becomes  milk-white  ;  when  more  strongly  heated,  it  agglutinates  and 
then  fuses,  but  with  difficulty,  into  a  white  enamel ;  it  is  phospho- 
rescent and  emits  a  brilliant  light ;  with  nitrate  of  cobalt  it  becomes 
of  a  pure  blue  colour,  when  strongly  heated ;  with  borax  it  dissolves 
readily  and  perfectly,  with  a  slight  colour  proceeding  from  iron  ;  with 
the  salt  of  phosphorus  it  yields  a  colourless  crystalline  bead  ;  the  so- 
lution is  quite  complete,  no  silica  skeleton  remaining  ;  with  carbonate 
of  soda  effervescence  ensues  ;  alumina  is  left  unacted  upon,  even  when 
excess  of  the  carbonate  is  employed. 

Neither  hydrochloric  acid  nor  aqua  regia  acts  upon  this  substance, 
but  when  finely  levigated  and  boiled  with  concentrated  sulphuric 
acid,  it  is  completely  decomposed ;  the  silica  remains  in  the  granular 
state  and  retains  the  form  of  the  scales.  After  calcination,  it  is  not 
acted  upon  by  the  acid. 

The  qualitative  analysis  of  this  substance  shows  that  it  contains 
silica,  alumina,  a  little  iron  and  manganese,  the  last  two  not  appear- 
ing to  be  in  a  state  of  combination,  potash  and  water ;  soda  was  not 
found  to  be  present,  which  it  is  proper  to  state,  for  usually  the  two 
alkalies  occur  together.  As  the  mineral  possesses  some  of  the  cha- 
racters of  mica,  fluorine  was  sought  for  but  not  found. 

In  determining  the  quantity  of  water,  it  was  found  requisite  to 
heat  it  pretty  strongly  to  separate  the  whole  of  it ;  when  only  a  part 
of  it  was  expelled,  it  was  found  that  on  placing  it  in  water  for  some 
days  and  then  drying  it  by  exposure  to  the  air,  it  regained  exactly  as 
much  water  as  it  had  lost ;  when  however  it  is  strongly  heated  and 
loses  all  the  water,  it  does  not  regain  it  by  immersion. 

Analysed  by  means  of  nitrate  of  barytes,  this  substance  yielded — 

Silica 45-48 

Alumina. .  . .      38-20 

Potash    11-20 

Water    5-24 

100-12 
with  traces  of  iron  and  manganese. 
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We  may  therefore  consider  it  as  composed  of — 

Twelve  eqs.  of  silica 16  X  12  =  192  44- 75 

Nine         ...      alumina 18  X     9  =  162  37*76 

One          ...      potash    =48  11*20 

Three       ...      water 9x    3=    27  6'29 

429  100- 

Ann.  de  Ch.  et  de  Phys.,  Octobre  1845. 


HYDRATED  SILICATE  OF  MAGNESIA.       BY  M.  A.  DELESSE. 

This  substance  is  arranged  at  the  Ecole  des  Mines  with  the  mi- 
neral species  which  M.  Breithaupt  has  named  Kerolite,  and  it  ap- 
peared to  M.  Delesse  to  require  examination.  It  comes  from  Ger- 
many, its  locality  however  is  unknown ;  but  it  has  evidently  occurred 
in  serpentine. 

Its  colour  is  yellowish-white,  it  is  opaline  and  slightly  transpa- 
rent ;  its  fracture  resembles  wax,  and  it  is  greasy  to  the  touch ;  it 
is  occasionally  spotted  with  milk-white  spots,  which  appear  to  be  a 
different  substance.  Its  specific  gravity  is  2,335  ;  when  slightly 
heated  in  a  glass  tube  it  becomes  black  and  loses  water ;  when 
strongly  heated  it  becomes  of  a  dead-white  colour,  and  loses  its 
transparency.  The  black  colour  appears  to  be  owing  to  bitumen, 
for  it  disappears  when  the  substance  is  strongly  heated  in  a  closed 
tube ;  this  property  belongs  also  to  kerolite,  mestaxite,  saponite,  &c. 

When  put  into  water  after  calcination  it  emits  a  great  number  of 
bubbles  of  gas,  becomes  hard,  and  is  with  difficulty  acted  upon 
by  acids ;  whereas  before  heating  it  is  scratched  by  calcspar  and 
easily  acted  upon  ;  it  is  completely  infusible  ;  with  the  salt  of  phos- 
phorus it  gives  a  skeleton  of  silica. 

A  qualitative  analysis  showed  that  this  substance  contains  only 
water,  silica,  magnesia,  a  little  alumina  and  traces  of  iron,  which  ap- 
pear to  be  in  the  state  of  peroxide,  and  disseminated  in  small  veins 
throughout  the  mass. 

By  analysis  this  mineral  gave — 

Silica   53'5 

Magnesia    : 28*6 

Alumina  and  a  trace  of  oxide  of  iron     00*9 

Water 16-4 

99-4 
Annates  des  Mines,  1844. 


ANALYSIS  OF  THE  ELIE  PYROPE  OR  GARNET. 
BY  PROF.  CONNELL. 

This  mineral,  which  is  known  to  amateur  collectors  under  the 
name  of  Elie  ruby,  is  found  on  the  sea  shore  at  Elie,  in  the  county 
of  Fife,  proceeding  from  the  debris  of  trap-rocks.  It  has  been  long 
known  to  Scottish  mineralogists,  and  has  been  regarded  as  one  of 
the  varieties  of  precious  garnet,  and  is  occasionally  called  pyrope. 
It  is  not  crystallized,  but  occurs  in  angular  grains,  which  evidently 
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have  not  come  from  any  distance.  Its  other  leading  external  cha- 
racters, including  transparency  and  colour,  agree  with  those  of  pre- 
cious garnet  and  pyrope,  the  colour  approaching  the  deeper  tint  of 
the  latter;  its  specific  gravity  is  3*661. 

Twenty  grains  of  this  mineral  in  very  fine  powder,  were  fused 
with  four  times  their  weight  of  carbonate  of  potash ;  the  mass  was 
treated  with  muriatic  acid,  and  no  smell  of  chlorine  observed.  Si- 
lica was  separated  by  the  usual  method  ;  the  precipitate  obtained 
by  ammonia  was  dissolved  in  muriatic  acid,  the  solution  boiled 
with  excess  of  potash  which  took  up  the  alumina,  and  the  matter 
left  by  this  alkali  was  dissolved  in  muriatic  acid ;  to  this  solution 
tartaric  acid  and  ammonia  in  excess  were  added,  and  a  current  of 
sulphuretted  hydrogen,  passed  into  it,  threw  down  sulphuret  of 
iron  with  a  little  sulphuret  of  manganese.  The  filtered  liquid  was 
evaporated  to  dryness,  and  the  residue  incinerated  was  pure  white  ; 
it  was  carefully  examined  for  yttria,  which  Dr.  Apjohn,  some  few 
years  ago,  announced  that  he  discovered  in  pyrope.  This  white 
matter  was  dissolved  in  muriatic  acid,  and  muriate  of  ammonia  and 
excess  of  ammonia  were  added  ;  a  gelatinous  precipitate  fell,  which 
by  ignition  acquired  a  greenish-yellow  tint,  and  magnesia  was  left 
in  solution.  The  ignited  precipitate  was  again  dissolved  in  muriatic 
acid,  and  yielded  a  gelatinous  precipitate  by  treatment  with  am- 
monia and  its  muriate ;  this  was  dissolved  to  a  great  extent  by 
potash,  leaving  a  substance  which  was  principally  oxide  of  iron,  but 
gave  a  permanent  fine,  though  pale  emerald- green  colour  to  salt  of 
phosphorus,  and  therefore  contained  a  trace  of  oxide  of  chromium. 
It  was  determined  by  a  separate  experiment  that  the  iron  contained 
in  the  mineral  was  entirely  in  the  state  of  peroxide. 

One  hundred  parts  of  this  substance  were  found  to  consist  of 

Silica 42-80 

Alumina     28*65 

Peroxide  of  iron     9'31 

Protoxide  of  manganese  025 

Lime 478 

Magnesia 10-67 

Oxide  of  chromium,  trace 

96-46 

The  deficiency  Prof.  Connell  conceives  to  be  probably  owing  to 
some  magnesia  which  might  have  escaped  precipitation  by  the  car- 
bonate of  potash. 

Prof.  Connell  remarks,  that  even  if  the  oxide  of  iron  in  this  mi- 
neral were  held  to  be  protoxide  (instead  of  peroxide,  as  he  found  it), 
there  would  be  quite  as  much  difficulty  in  bringing  the  result  under 
the  garnet  formula  as  there  is  in  bringing  the  leading  analyses  of 
Bohemian  pyrope  under  it.  This  circumstance,  as  well  as  the  ge- 
neral conformity  between  the  above  result  and  the  analyses  of  pyrope, 
comprising  those  of  Klaproth,  Wachtmeister  and  Von  Kobell,  par- 
ticularly as  respects  the  considerable  quantity  of  magnesia  and  the 
comparatively  small  quantity  of  oxide  of  iron,  notwithstanding  the 
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discrepancy  as  to  the  state  of  oxidation  of  the  latter,  tend  to  show 
a  close  connexion  between  the  Elie  mineral  and  pyrope.  The  occur- 
rence of  oxide  of  chromium  in  both  minerals,  and  their  specific 
gravity,  which  is  3*661  for  the  Elie  mineral,  3- 78  for  pyrope,  while 
that  of  precious  garnet  exceeds  4* ,  lead  to  a  similar  view  of  this  con- 
nection.— Jameson's  Journal,  Oct.  1845. 


ANALYSIS    OF    METEORIC    IRON    FROM     BURLINGTON,    OSTEGO 
COUNTY,  NEW  YORK.       BY  MR.  C.  H.   ROCKWELL. 

In  the  year  1819  two  or  three  masses  of  native  iron,  as  it  ap- 
peared to  be,  were  procured  from  the  farmer  who  first  turned  it  over 
with  his  plough,  in  a  field  near  the  north  line  of  the  town  of  Bur- 
lington, Ostego  County,  New  York.  These  consisted  of  remnants  of 
an  entire  mass  originally  supposed  to  weigh  between  one  and  two 
hundred  pounds,  and  found  several  years  before.  It  had  been  in  the 
forge  of  a  country  blacksmith,  and  the  whole  heated  in  order  to  en- 
able him  to  cut  off  portions  for  the  manufacture  of  such  articles  as 
the  farmer  most  needed. 

The  mass  was  divided  by  broad  lamina?,  crossing  each  other  at 
an  angle  of  60°  and  120°,  cutting  up  the  surface  into  triangular  and 
rhombohedral  figures.  It  broke  with  a  hackly  fracture,  and  only 
with  the  greatest  difficulty  on  the  thinnest  edges. 

Two  deep  and  broad  sutures  marked  its  two  most  regular  oppo- 
site faces,  made  by  the  wedge  or  chisel  by  the  smith,  who  severed 
it  from  the  adjoining  portion.  It  bore  the  marks  of  having  been 
intensely  heated  in  the  forge,  and  numerous  microscopic  crystals,  of 
a  black  colour  and  brilliant  lustre,  covered  some  parts  of  it's  surface  ; 
they  resembled  phosphate  of  iron,  but  were  too  small  to  be  detached . 

The  specific  gravity  was  7'501  ;  it  dissolved  quickly  and  com- 
pletely in  nitric  acid,  with  the  application  of  a  gentle  heat.  The 
solution,  treated  with  nitrate  of  silver,  gave  no  cloudiness,  showing 
the  absence  of  chlorine ;  it  yielded  by  the  usual  process  for  sepa- 
rating iron  from  nickel. 

Iron 92-291 

Nickel 8-146 

100437 

No  trace  of  any  other  substances  could  be  detected. — Sillimans 
Journal,  vol.  xlvi. 


PREPARATION  OF  CHLORO-ACKTIC  ACID. 

M.  Malaguti  recommends  the  following  process  for  the  prepara- 
tion of  chloro-acetic  acid  readily  and  in  large  quantity  : — Let  chlorine 
act  upon  sulphuric  aether,  by  which  sesquichloride  of  carbon  is  ob- 
tained, and  then  the  water  which  is  suffered  to  remain  in  the  bottles 
with  the  rough  product  is  merely  a  solution  of  chloro-acetic  and  hy- 
drochloric acids;  or  perchloric  aether  is  prepared,  and  by  distilling  it 
and  causing  the  product  of  the  distillation  to  mix  with  water,  a  so- 
lution of  chloro-acetic  and  hydrochloric  acids  is  obtained.     In  both 
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cases  it  is  sufficient  to  employ  a  vacuum  with  sulphuric  acid  and 
potash  to  obtain  chloro-acetic  acid  in  a  state  of  great  purity.  This 
process  possesses  the  advantage  of  also  obtaining  as  a  secondary 
product,  a  considerable  quantity  of  sesquichloride  of  carbon. — Ann. 
de  Ch.  et  de  Phys.,  Jan.  1846. 


COMPOSITION  OF  PHOSPHATE  OF  AMMONIA  AND  MAGNESIA. 
BY  M.  FRESENIUS. 

The  erroneous  statements  contained  in  chemical  treatises  with 
respect  to  the  ammoniaco-magnesian  phosphate  have  given  inaccurate 
results  as  to  the  proportions  of  magnesia  indicated  by  this  salt,  and 
they  have  also  prevented  its  being  employed  in  estimating  the  quan- 
tity of  phosphoric  acid.  M.  Fresenius  has  discovered  that  the  double 
salt  in  question  is  absolutely  insoluble  in  free  ammonia,  so  that  it 
may  be  employed  in  quantitative  analysis. 

He  ascertained  the  solubility  of  this  salt  in  water,  solution  of  am- 
monia, solution  of  hydrochlorate  of  ammonia,  and  in  a  mixed  solu- 
tion of  ammonia  and  hydrochlorate.  He  found  it  dissolved  by  15293 
parts  of  water  at  the  usual  temperature,  and  requires  a  mean  quan- 
tity of  44330  parts  of  ammoniacal  water  for  solution,  so  that  one 
part  of  magnesia,  in  the  form  of  this  salt,  requires  120760  parts  of 
water,  and  one  part  of  phosphoric  acid  70000.  According  to  these 
statements  this  salt  may  be  for  a  long  time  washed  with  ammoniacal 
water  before  dissolving  a  very  minute  fraction  of  a  grain  either  of 
magnesia  or  phosphoric  acid. 

As  to  solution  of  hydrochlorate  of  ammonia,  one  part  of  the  double 
salt  is  dissolved  by  7548  parts  of  it,  and  by  15627  parts  of  a  mixed 
solution  of  ammonia  and  hydrochlorate ;  sal-ammoniac  therefore 
slightly  increases  the  solubility  of  the  salt ;  still  however  this  solu- 
bility is  so  slight  as  to  be  inappreciable  in  estimating  its  quantity. 

M.  Fresenius  has  also  performed  some  comparative  experiments 
to  ascertain  if  the  double  phosphate  would  answer  for  analyses. 

He  analysed  a  determinate  quantity  of  very  pure  sulphate  of  mag- 
nesia ;  by  calculation  the  magnesia  was  estimated  at  34*01  per  cent. ; 
experiment  gave  340  and  34*02  per  cent.;  the  phosphoric  acid  of 
phosphate  of  magnesia  was  calculated  at  19*90  per  cent.,  while  ex- 
periment gave  19*87. — Journ.  de  Pharm.  et  de  Ch.,  Dec.  1845. 


COMPOSITION  OF  COMMON  PHOSPHATE  OF  SODA. 

M.  Fresenius  states  that  the  undermentioned  chemists  found  this 
salt  to  consist  of 

Berzelius.        Malaguti. 
Phosphoric  acid     20*33  18*801 

Soda 17-67  16*71  J 

Water    62*00  64*25 

10000  99*76  100*00         10000 

M.  Fresenius  found  1 9*87  of  phosphoric  acid  and  62*67  of  water  • 

M  2 


Graham. 

Clark. 

371 

37*48 

62*9 

62-52 
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his  results  therefore  agree  with  those  of  Berzelius,  Graham  and  Clark. 
— Journ.  de  Pharm.  et  de  Ch.,  Dec.  1845. 


ON  SEVERAL  NEW  SERIES  OF  DOUBLE  OXALATES.       BY  M.  REES 

HEECE. 

These  salts  were  discovered  in  investigating  the  action  of  alkaline 
and  earthy  bases  on  the  oxalates  of  the  sesquioxides. 

It  is  well  known  that  the  salts  of  lime  produce  but  a  slight  pre- 
cipitation of  oxalate  of  lime  in  a  moderately  concentrated  solution 
of  the  oxalates  of  the  sesquioxides  of  iron  and  chromium,  &c,  and 
none  in  a  very  dilute  solution  of  oxalate  of  chromium  and  potash,  a 
salt  discovered  by  Prof.  Gregory,  and  in  which  there  are  3  equiv. 
of  oxalic  acid  combined  with  the  alkaline  base.  A  concentrated 
solution  of  the  same  salts  gives  rise  to  an  abundant  precipitate, 
which  has  been  considered  as  oxalate  of  lime,  but  in  which  I  found 
a  considerable  proportion  of  chromium.  These  were  the  facts  which 
led  me  to  pursue  this  inquiry. 

The  combination  by  means  of  which  I  have  prepared  the  double 
salts  which  are  the  objects  of  this  memoir,  is  an  oxalate  of  chromium 
and  ammonia,  having  the  same  formula  as  the  salt  of  Mr.  Gregory  ; 
but  it  is  preferable  to  this  on  account  of  its  great  solubility. 

A  concentrated  solution  of  this  salt,  mixed  with  its  volume  of 
chloride  of  strontium,  barium  or  calcium,  yields  voluminous  pre- 
cipitates, which,  separated  from  the  mother-leys  and  recrystallized, 
have  the  following  composition : — 

Oxalate  of  chrome  and  barytes  (A)  3C2  O3  -f  Cr2  O3  -j-  3(C2  O3  BaO)  +  12H0. 
Oxalate  of  chrome  and  barytes  (B)  3C2  O3  -f  Cr2  O3  +  2(C2  O3  BaO)  +  18H0. 
Oxalate  of  chrome  and  strontian  ...  3C2  O3  +  Cr2  O3  +  3(C2  O3  SrO)  -f  18 HO. 
Oxalate  of  chrome  and  lime 2(3O03+  Cr203)  +  3(C203CaO)  -f  36HO. 

If  oxide  of  iron  is  substituted  for  the  oxide  of  chromium,  we  obtain 
the  corresponding  salts  with  an  iron  base,  and  which  are  represented 
by  the  following  formulse  : — 

Oxalate  of  iron  and  barytes  3C20S  +  FeJ03-f-  3(C203BaO)  -f    7H0. 

Oxalate  of  iron  and  barytes  3C203  +  Fe203  +  3(C203  BaO)  +  12H0. 

Oxalate  of  iron  and  strontian    3C203+  Fe203  +  3(C203  SrO)  +  18H0. 

The  oxalate  of  iron  and  of  lime  does  not  crystallize. 

If  alumina  is  substituted  for  the  oxide  of  chromium,  we  obtain 
similar  salts,  which  are  represented  by — 

Oxalate  of  alumina  and  barytes 3C20S  +  A1203  +  3(C203BaO)  +  10HO. 

Oxalate  of  alumina  and  barytes 3C2  O3  +  Al2  O3  +  3(C2  O3  BaO)  +  30HO. 

Oxalate  of  alumina  and  strontian 3C203  +  A1203  + 2(C203SrO)  +  18H0. 

The  oxalate  of  alumina  and  lime  cannot  be  isolated  in  a  state  of 
purity,  on  account  of  its  insolubility. 

These  salts  crystallize  in  small  silky  needles ;  those  of  the  oxide 
of  chromium  are  of  a  dark  violet  colour,  those  of  iron  of  a  greenish- 
yellow,  and  those  of  alumina  of  a  brilliant  white.  They  are  soluble 
in  about  30  times  their  weight  of  boiling  water  (excepting  the  salts 
of  lime  and  oxide  of  chromium,  of  alumina  and  strontia,  which  are 
decomposed  by  water) ;  they  are  scarcely  soluble  in  cold.  All  the 
alkalies  decompose  them  by  precipitating  the  sesquioxide  and  earthy 
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oxalate.  The  salts  of  chromium  however  behave  differently  towards 
ammonia,  which  does  not  throw  down  the  oxide  of  chromium,  even 
when  the  barytes  has  been  separated  by  sulphuric  acid. 

The  iron  salts  are  decomposed  by  the  solar  rays,  with  an  abundant 
disengagement  of  carbonic  acid,  even  when  the  crystals  are  dry. 

I  shall  conclude  this  summary  of  my  investigations  by  drawing 
attention  to  the  importance  of  these  salts  in  analysis ;  the  more  so  a* 
it  was  with  this  view  I  undertook  them. 

I  think  that  I  have  succeeded  in  explaining  the  fact,  long  9ince 
known,  of  the  solubility  of  the  oxalate  of  lime  in  solutions  of  the 
sesquioxides.  Iron,  aluminum  and  chromium  are  always  separated 
from  their  ores  as  sesquioxides ;  lime  and  strontia,  in  the  state  of 
oxalates;  but  we  know  that  lime  cannot  be  separated  from  the  solu- 
tion of  the  sesquioxide  ;  this  circumstance  is  owing  to  the  formation 
of  a  double  salt,  of  which  the  oxalate  of  lime  forms  a  part.  It  is 
therefore  necessary  to  precipitate  the  sesquioxide  by  ammonia,  which 
leaves  the  lime  free  in  the  solution,  and  it  is  therefore  difficult  to  pre- 
vent its  being  thrown  down  by  the  carbonic  acid  of  the  atmosphere, 
and  thus  affecting  the  weight  of  the  sesquioxide. 

It  is  especially  in  the  case  of  alumina  and  oxide  of  chromium, 
that  the  error  may  be  the  greatest.  This  difficulty  is  easily  avoided 
by  the  following  process : — I  will  select  as  an  instance  a  mineral  con- 
taining iron  and  lime.  It  is  dissolved  in  hydrochloric  acid ;  then 
a  suitable  quantity  of  oxalic  acid  added,  which,  if  the  liquor  is  diluted, 
will  not  produce  any  precipitate;  I  now  add  some  oxalate  of  am- 
monia in  excess,  which  will  precipitate  the  whole  of  the  lime,  which 
is  separated  by  filtration,  oxide  of  iron  remaining  in  solution  entirely 
free  from  lime ;  this  is  precipitated,  in  the  ordinary  manner,  by  am- 
monia.— Comptes  Rendus,  Nov.  17,  1845. 


REACTION  FOR  THE  DISCOVERY  OF  SULPHUROUS  ACID. 
BY  M.  HEINTZ. 

The  substance  to  be  examined,  dissolved  in  water  or  hydrochloric 
acid,  is  to  be  heated  with  a  solution  of  protochloride  of  tin  in  dilute 
hydrochloric  acid  to  ebullition.  If  the  liquid  contains  much  sulphu- 
rous acid,  sulphuret  of  tin  is  precipitated ;  but  if  the  quantity  be 
small,  no  precipitation  occurs ;  the  liquid  becomes  yellow  and  ex- 
hales the  odour  of  sulphuretted  hydrogen.  It  is  then  requisite  only 
to  add  a  few  drops  of  solution  of  sulphate  of  copper  to  obtain  an 
immediate  precipitate  of  the  brown  sulphuret  of  this  metal. 

This  method  of  detecting  sulphurous  acid,  it  will  be  observed,  is 
merely  a  modification  of  that  proposed  more  than  fifty  years  ago  by 
Pelletier,  and  since  recommended  by  M.  Gerard. 

It  is  preferable  to  the  process  of  MM.  Fordos  and  Gelis,  which  is 
based  on  the  formation  of  sulphuretted  hydrogen  by  the  contact  of 
metallic  zinc  and  sulphurous  gas,  inasmuch  as  it  does  not  require 
the  use  of  an  apparatus  to  disengage  the  gas. — Journ.  de  Pharm.  et 
de  Ch.,  Janvier  1846. 
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ANALYSIS  OF  THE  MOLARES  OF  A  FOSSIL  RHINOCEROS. 

M.  E.  I.  Meyer,  by  employing  the  process  of  Wohler,  found  that 
besides  phosphate  and  a  little  carbonate  of  lime,  these  teeth  con- 
tained 2- 10  per  cent,  of  fluor. 


EXPERIMENTS  ON  THE  YOLK  OF  EGGS.   BY  M.  GOBLEY. 

The  author  remarks,  that  a  German  chemist  of  the  name  of  John 
was  the  first  who  carefully  examined  the  yolk  of  the  egg,  the 
chemists  who  preceded  him  regarding  it  merely  as  consisting  of 
water,  albumen,  oil,  gelatine  and  colouring  matter.  John  concluded 
from  his  experiments,  published  in  1811,  that  the  yolk  of  egg  was 
composed  of  water,  a  sweet  yellow  oil,  traces  of  free  acid,  which  he 
presumed  to  be  the  phosphoric,  a  small  quantity  of  reddish-brown 
matter,  soluble  in  aether  and  in  alcohol,  gelatin,  much  of  a  modified 
albuminous  substance,  and  sulphur. 

In  1825,  Prout  found  the  yolk  to  be  composed  of  54  water,  17  al- 
bumen, and  29  oil ;  and  that  it  contained  besides  sulphur,  phospho- 
rus, the  chlorides  of  sodium  and  potassium,  the  carbonates  of  potash 
and  soda,  lime  and  magnesia,  partly  in  the  state  of  carbonates. 

Chevreul  was  of  opinion  that  the  orange  colouring  matter  of  the 
yolk  was  due  to  the  combination  of  two  colouring  principles,  one 
yellow,  approximating  that  of  the  bile,  and  the  other  red,  resembling 
that  of  the  blood. 

Lastly,  in  1829,  M.  Lecanu  discovered  in  the  oil  of  the  egg,  a  fat, 
crystallizable,  unsaponifiable  matter,  which  he  considered  to  be 
cholestrine. 

Such,  says  M.  Gobley,  was  the  state  of  our  knowledge  respecting 
the  yolk  of  the  egg  when  he  began  his  experiments ;  he  states  that 
the  substances  which  he  obtained  from  the  yolk  are, — 

1.  Water. 

2.  Albuminous  matter  or  vitelline. 

3.  Oleine. 

4.  Margarine. 

5.  Cholesterine. 

6.  Margaric  acid. 

7.  Oleic  acid. 

8.  A  peculiar  acid  containing  phosphorus,  which  is  in  fact  phos- 
phoglyceric  acid. 

9.  Lactic  acid  and  extract  of  meat. 

10.  Various  salts,  as  chloride  of  sodium,  chloride  of  potassium, 
hydrochlorate  of  ammonia,  sulphate  of  potash,  phosphate  of  lime, 
and  phosphate  of  magnesia. 

1 1 .  Yellow  and  red  colouring  matter. 

12.  Azotized  organic  matter,  which  does  not  appear  to  be  albu- 
men. 

The  oleic,  margaric,  and  phosphoglyceric  acids  appear,  in  the  au- 
thor's opinion,  to  be  combined  with  ammonia. 
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In  the  opinion  of  Berzelius,  the  yolk  of  egg  contains  some  volatile 
fatty  acids,  on  account  of  the  facility  with  which  the  yolk  becomes 
rancid ;  M.  Gobley  has  not  been  able  to  discover  them,  nor  any  ge- 
latine, and  sulphur  was  met  with  only  in  the  albuminous  matter. — 
Journ.  de  PJiarm.  et  de  Ch.,  Janvier  1846. 


METEOROLOGICAL  OBSERVATIONS  FOR  DEC.  1845. 
Chiswick. — December  I.   Rain  :  cloudy  :  clear.     2.   Clear  and  fine :  heavy  rain. 

3.  Overcast :  showery  :  clear.  4.  Clear  :  fine  :  heavy  rain.  5 — 7.  Clear:  frosty. 
8.  Sharp  frost :  overcast :  drizzly.  9.  Fine.  10.  Clear.  11.  Cloudy  :  clear  and 
windy  at  night.  12.  Overcast:  fine:  clear.  13.  Frosty  and  foggy:  cloudy. 
14.  Foggy  :  hazy  :  drizzly.  15.  Rain  :  fine.  16.  Fine.  17.  Overcast :  slight 
drizzle.  18.  Foggy  :  rain.  19.  Densely  and  uniformly  overcast :  rain.  20.  Clear: 
dark  clouds,  with  rainbow.  21.  Boisterous  and  densely  clouded  :  clear  and  frosty 
at  night.  22.  Densely  overcast :  sleet :  showery  :  very  boisterous  at  night.  23. 
Cloudy  and  boisterous  at  night.  24.  Cloudless,  with  bright  sun.  25.  Hazy : 
thick  fog  at  night.  26.  Cloudy.  27.  Clear  :  fine :  overcast.  28.  Boisterous, 
with  rain  :  clear.  29.  Frosty:  overcast.  30.  Overcast:  clear.  31.  Very  fine  : 
heavy  rain  and  boisterous  at  night. — Mean  temperature  of  the  month  0o,4  above 
the  average. 

Boston. — Dec.  1.  Cloudy :  rain  early  a.m.  2.  Fine :  rain  p.m.  3.  Fine.  4. 
Fine :  rain  p.m.  5 — 7.  Fine.  8.  Fine:  rain  p.m.  9.  Cloudy:  stormy  p.m. 
10.  Fine.  11.  Stormy :  stormy  night.  12.  Cloudy:  rain  early  a.m.  13,14. 
Fine.  15.  Stormy.  16.  Cloudy.  17.  Cloudy  :  rain  p.m.  18.  Rain  :  rain  early 
a.m.:  rain  all  day.  19.  Cloudy.  20.  Cloudy  :  rain  early  a.m.  21.  Windy: 
rain  early  a.m.  22.  Windy  and  showery.  23.  Stormy.  24.  Fine.  25.  Rain  : 
rain  early  a.m.  26.  Cloudy  :  rain  p.m.  27.  Fine.  28.  Rain  :  rain  early  a.m. 
29.   Fine  :  rain  p.m.     30.   Windy  :  stormy  p.m.     31.   Fine. 

Sandwick  Manse,  Orkney. — Dec.  1.  Showers  :  sleet-showers.  2.  Showers  :  sleet  : 
clear  :  aurora  borealis  very  brilliant.  3.  Fine  :  clear  :  aurora  borealis  very  bril- 
liant. 4.  Showers  :  hail :  cloudy.  5,  6.  Rain  :  cloudy.  7.  Clear  frost :  clear. 
8.  Bright :  cloudy.  9.  Showers.  10.  Cloudy ;  rain.  11.  Showers.  12.  Cloudy. 
1 3.  Cloudy  :  showers.  14.  Rain.  15.  Sleet-showers:  rain.  16.  Sleet-showers: 
showers.  17.  Frost:  cloudy  :  clear  frost.  18.  Frost :  cloudy  :  snow-showers. 
19.  Showers  :  clear  frost.  20.  Frost :  cloudy  :  sleet-showers.  21.  Frost  :  bright : 
cloudy:    thaw.       22.  Showers.       23.  Showers:  clear.       24.  Cloudy:  showers. 

25.  Showers :  cloudy.  26.  Showers.  27.  Snow-showers  :  sleet-showers.  28. 
Snow:  frost.     29.   Rain.     30.  Showers :  clear  frost.     31,   Cloudy  :  rain. 

Applegarth  Manse,  Dumfries -shire. — Dec.  1,  2.  Showers.     3.  Showers  of  snow. 

4.  Frost :  rain  p.m.  5.  Very  heavy  rain.  6.  Showers.  7.  Fair  and  fine:  slight 
frost.  8.  Frost:  rain  p.m.  9.  Fine  a.m.  :  rain  p.m.  10.  Fair,  but  damp.  11. 
Fair  and  clear :  frost.  12.  Frost.  13.  Frost,  hard.  14.  Very  wet  p.m.  :  frost 
a.m.  15,16.  Heavy  showers.  17.  Fine  a.m.  :  shower  p.m.  18.  Fine  a.m.  : 
frost  p.m.  19.  Frost  a.m.  :  rain  p.m.  20.  Frost  a.m.  21.  Frost:  clear.  22. 
Heavy  showers.       23.  Slight  frost.       24.  Frost  a.m.  :   shower  p.m.       25.  Fine. 

26.  Heavy  rain  all  day.  27.  Heavy  showers.  28.  Fair  and  fine.  29.  Heavy 
rain  :  frost.     30.  Heavy  rain.     31.  Frost  a.m.  :  rain  p.m. 

Mean  temperature  of  the  month  *    39°'5 

Mean  temperature  of  Dec.  1844     33  '8 

Mean  temperature  of  Dec.  for  23  years  38  *3 

Mean  rain  in  Dec.  for  18  years   3  inches. 


*  It  would  be  worth  while  for  the  meteorological  correspondents  to  note  the 
particulars  here  stated  in  their  reports. 
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XXX.  On  the  Determination  of  the  Temperature  and  Con- 
ducting Power  of  Solid  Bodies.  By  Chr.  Langberg  of 
Christiania  *. 

TVTOTWITHSTANDING  the  important  progress  which 
-^  has  been  made  in  the  mathematical  theory  of  the  phe- 
nomena of  heat  by  the  analytical  researches  of  Fourier,  Pois- 
son  and  others,  it  is  not  to  be  denied  that  the  influence  which 
these  have  exerted  upon  the  extension  of  our  physical  know- 
ledge of  the  phaenomena  is  very  limited,  and  that  only  a  few 
of  the  results  obtained  from  mathematical  theory  have  been 
demonstrated  and  proved  by  experiment.  The  reason  of  this 
is  in  a  great  measure  owing  to  the  want  of  accurate  modes  of 
ascertaining  changes  of  temperature  in  solid  bodies,  without 
militating  against  too  many  of  the  conditions  required  by  the 
mathematical  theory. 

Thus  we  are  taught  by  mathematical  analysis  that  one  of  the 
most  important  elements  in  the  theory  of  heat,  namely  the  con- 
ducting power  of  solids,  can  be  ascertained  by  placing  in  con- 
nexion with  a  constant  source  of  heat  the  end  of  a  long,  thin, 
homogeneous,  cylindrical  or  prismatical  rod,  composed  of  the 
substance  to  be  examined,  and  observing  the  temperature  of 
this  rod  at  different  distances  from  the  heated  end  ;  the  differ- 
ence between  the  observed  temperatures  on  the  rod  and  that  of 
the  surrounding  air  decreases  in  geometrical  progression  when 
the  points  of  observation  are  at  equal  distances  from  each  other. 

For  establishing  these  laws  experiments  have  been  instituted 
by  Biotfj  and  more  lately  by  Despretz  \ ;  those  of  the  latter 

*  Being  an  abstract  from  Poggendorff's  Annalen,  1845,  No.  9;  commu- 
nicated by  Dr.  Ronalds. 

\  Traite  de  Physique,  torn.  iv.  p.  670. 

j  Annates  de  Chimie  et  de  Physique,  torn,  xxxvi.  p.  422.  Traite  Elhnen- 
taire  de  Physique,  p.  210. 
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however,  as  far  as  they  have  been  made  public,  appear  to  me 
to  prove  exactly  the  converse  of  what  they  are  intended  to  do, 
as  the  temperatures  observed  decrease  in  a  much  quicker  ratio 
than  the  geometrical  progression  would  require,  and  the  dif- 
ference between  the  calculated  and  observed  values  is  too  con- 
stant to  admit  of  the  supposition  that  it  is  solely  due  to  errors 
of  observation.  One  source  of  the  difference  may  probably 
arise  from  the  Newtonian  law  of  cooling  having  been  made 
the  basis  upon  which  to  found  the  mathematical  deduction  of 
the  law  in  question.  According  to  Newton's  law,  a  heated 
body  cools  with  a  rapidity  proportional  to  the  degree  of  tem- 
perature to  which  it  has  been  raised  above  that  of  the  air  sur- 
rounding it,  and  applies  with  correctness  only  to  very  slight 
differences  of  temperature.  [In  the  experiments  alluded  to 
above,  this  difference  amounts  to  60°  or  70°  C]  Again,  it  is 
presumed  that  the  power  of  conduction  remains  unchanged  at 
different  temperatures,  which  is  certainly  not  probable  ;  and 
the  theory  further  requires  that  the  heated  rod  should  be  in- 
finitely thin,  or  at  least  so  thin  that  its  temperature  in  every 
part  of  a  normal  section  should  be  exactly  the  same. 

Desprelz  used  in  his  experiments  prismatical  rods,  the  square 
section  of  which  was  21  millimetres  in  breadth  ;  holes  were 
bored  in  these  at  10  millimetres  distance  from  each  other,  6 
millimetres  in  diameter,  and  14  millimetres  deep.  When  the  rod 
had  been  brought  into  a  horizontal  position,  these  holes  were 
filled  with  mercury,  and  in  each  the  bulb  of  a  thermometer 
was  placed,  the  temperature  of  which,  when  it  had  become 
stationary,  was  considered  as  that  of  the  section  of  the  rod 
passing  through  the  middle  of  the  hole.  As  the  breadth  of 
the  holes  amounted  to  nearly  one-third  of  the  whole  breadth 
of  the  rod,  there  is  reason  to  fear  that  these  large  and  frequent 
interruptions  in  the  continuity  of  the  rod  might  cause  a  con- 
siderable obstruction  to  the  progress  and  distribution  of  the 
heat.  The  results  show  that  the  method  employed  in  the  ex- 
periments fulfilled  very  imperfectly  the  conditions  required  by 
the  theory,  and  it  remains  therefore  still  uncertain  whether 
the  variations  from  the  theoretical  law  which  were  observed  are 
to  be  attributed  to  an  inaccurate  method  of  observation,  or  to 
an  error  in  theory. 

The  importance  of  the  law,  forming  as  it  does  the  basis  of 
the  mathematical  theory  of  the  phsenomena  of  heat,  as  well 
as  from  its  application  for  determining  the  conducting  power 
of  solid  bodies,  appeared  to  me  sufficiently  great,  and  induced 
me  to  seek  a  mode  of  observation  not  subject  to  the  objections 
which  I  have  raised  above.  The  first  requisite  was  therefore 
a  mode  of  ascertaining  correctly  such  slight  differences  be- 


and  Conducting  Power  of  Solid  Bodies.        ■      163 

tween  the  temperature  of  the  rod  and  the  surrounding  air  as 
would  come  with  accuracy  within  the  scope  of  the  Newtonian 
law  of  cooling,  and  this  must  be  done  with  rods  of  indefinitely 
small  diameter,  having  their  continuity  unimpaired  by  any 
holes  bored  into  their  substance.  The  thermo-electrical  battery 
appeared  to  me  to  be  an  instrument  admirably  adapted  for 
this  purpose;  and  arranged  in  the  manner  which  I  shall  pre- 
sently describe,  I  hope  that  it  will  be  found  a  much  more  ac- 
curate measure  for  observing  uncombined  heat  in  solid  bodies 
than  any  other  means  that  have  yet  been  applied  to  that 
purpose. 

The  experiments  were  performed  in  the  laboratory  of  Pro- 
fessor Magnus,  who  was  kind  enough  to  lend  me  the  necessary 
apparatus,  and  to  whose  friendly  guidance  the  successful  re- 
sult of  the  experiments  is  chiefly  to  be  attributed. 

I  found  by  several  preliminary  experiments,  that  the  same 
divergence  in  the  needle  of  the  multiplier  was  always  attained 
when  the  end  of  a  thermo-electrical  battery,  consisting  of  but 
few  alternations,  was  connected  in  a  similar  manner  with  a 
body  of  constant  temperature,  and  pressed  against  it  with  the 
same  amount  of  force.  It  was  always  2  to  2\  minutes  before 
the  needle  of  the  multiplier  became  stationary;  the  connec- 
tion might  then  be  continued  for  an  indefinite  time  without 
perceptibly  affecting  the  position  of  the  needle.  In  order  to 
secure  perfectly  uniform  contact,  which  is  hardly  possible 
with  a  battery  composed  of  many  alternations,  I  had  one  con- 
structed of  only  two  elements,  bismuth  and  antimony,  having 
therefore  but  one  soldered  point  of  contact  at  each  end.  The 
ends  were  filed  off  presenting  facets^  so  that  each  presented  a 
rectangular  surface  of  1*7  millimetre  in  length  and  0*7  milli- 
metre in  breadth.  The  whole  length  of  the  bars  was  36*3 
millimetres;  each  bar  was  very  thin,  being  1*7  millimetre  in 
width  and  1*0  millimetre  thick. 

On  a  strong  horizontal  board,  on  which  divisions  had  been 
marked,  three  uprights  were  erected,  bearing  each  a  forked  arm 
in  which  were  fixed  two  perpendicular  glass  rods  drawn  out 
to  a  point  and  placed  opposite  to  each  other,  between  which 
the  metallic  bars  to  be  examined  were  clamped  parallel  to  the 
horizontal  divided  board,  and  at  about  24  centimetres  above  it ; 
a  fourth  upright  at  the  end  of  the  board  served  to  fix  securely, 
with  the  help  of  a  screw,  the  cool  end  of  the  rod  during  the 
experiment.  To  obtain  for  a  length  of  time  a  uniform  source 
of  heat,  hot  water  was  used :  the  end  of  the  rod  to  be  heated, 
passed  through  a  cork  into  the  water  by  an  opening  made  in 
the  boiling  vessel  below  the  surface  of  the  water. 

By  means  of  two  double  polished  brass  screens,  through 

N  2 


164>  M.  Langberg  on  the  Determination  of  the.  Temperature 

holes  in  the  centres  of  which  the  rod  passed,  the  battery  and 
that  part  of  the  rod  to  be  examined  were  effectually  protected 
from  the  radiant  heat  of  the  boiling  vessel.  The  support  of 
thebattery  was  screwed  to  a  sledge  which  could  be  moved  along 
the  edge  of  the  horizontal  divided  board  in  a  direction  parallel 
with  the  metallic  rod,  by  which  means  the  relative  distances 
of  the  points  to  be  examined  on  the  rod  and  their  tempera- 
tures could  be  easily  ascertained.  In  order  that  the  battery 
should  press  with  equal  force  each  time  against  the  rod,  a 
spiral  spring  was  so  placed  in  the  support  of  the  battery  as 
to  force  it  upwards  against  the  under  side  of  the  rod ;  or  it 
could  be  brought  into  contact  with  the  rod  in  a  direction  at 
right  angles  to  it. 

The  observations  were  made  in  the  following  manner  : — 
"When  the  rod  had  attained  a  constant  temperature,  which 
seldom  occurred  until  about  2^  to  3  hours  after  the  com- 
mencement of  the  experiment,  the  sledge  bearing  the  battery 
was  so  placed  that  the  upper  end  of  the  battery  bore  perpen- 
dicularly upon  the  under  side  of  the  rod.  The  spiral  spring 
was  then  allowed  to  force  the  end  against  that  part  of  the  rod 
the  temperature  of  which  was  to  be  examined  :  the  needle 
of  the  multiplier  diverged  immediately.  I  waited  generally 
about  two  minutes  to  allow  the  needle  to  come  to  rest,  and 
having  noted  the  divergence,  removed  the  battery.  After  each 
observation  I  allowed  four  minutes  to  elapse  before  the  battery 
was  again  placed  in  contact  with  the  rod,  partly  that  the  needle 
of  the  multiplier  might  return  to  0°,  and  partly  that  the  equi- 
librium of  temperature  in  the  rod,  which  might  possibly  have 
been  disturbed  by  its  contact  with  the  battery,  might  again  be 
restored.  This  latter  precaution  was  however  needless,  as 
observations  made  upon  the  same  part  of  the  rod  immediately 
the  one  after  the  other,  were  found  to  give  the  same  deviations 
in  the  needle  as  when  a  space  of  time  was  allowed  to  elapse 
between  each  observation. 

Thus  far  we  have  given  very  nearly  the  author's  own  words ; 
but  as  our  space  will  not  allow  us  to  follow  him  through  each 
experiment,  we  shall  hei'e  briefly  add  some  of  the  precautions 
which  were  taken  to  avoid  error,  and  then  give  the  results  to 
which  the  experiments  have  led. 

To  ascertain  whether  the  battery  itself,  after  being  for  some 
time  in  contact  with  the  rod,  might  by  becoming  warm  no 
longer  indicate  with  correctness  the  difference  of  temperature 
between  the  rod  and  the  surrounding  air,  it  was  left  in  con- 
nexion with  the  heated  rod  for  three  quarters  of  an  hour,  but 
during  the  whole  of  that  time  the  divergence  of  the  needle  of  the 
multiplier  scarcely  changed.  The  circumstance  that  the  needle 
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of  the  multiplier  seldom  returned  to  precisely  the  point  from 
which  it  had  been  deflected,  sometimes  becoming  stationary  a 
little  to  the  right,  sometimes  to  the  left  of  its  original  position, 
the  cause  of  which  deviation  could  not  be  traced,  would  give 
rise  to  a  slight  error,  perhaps  O'l  to  02  of  a  degree,  upon 
the  scale  of  the  multiplier,  which  had  been  divided  in  the 
manner  recommended  by  Melloni. 

The  divisions  upon  this  scale  not  corresponding  exactly  with 
the  temperatures  they  are  intended  to  indicate,  might  also 
lead  to  a  slight  error ;  and  although  the  observations  were 
always  made  with  the  aid  of  a  magnifier,  still  it  is  possible 
that  from  0*1  to  0*2  of  a  degree  should  escape  observation. 

These  three  sources  of  error,  which  arose  chiefly  from  the 
author's  having  used  an  imperfect  instrument,  added  to  another 
more  important  one,  the  effect,  namely,  of  currents  of  air  in  the 
room  cooling  one  part  of  the  rod  under  examination  more 
than  another,  the  author  calculates  will  not  amount  to  more 
than  O'^0  C.  in  the  final  result  of  any  experiment.  In  fact  it 
never  actually  amounted  to  so  much. 

The  metals  used  in  the  experiments  were  copper,  steel,  tin 
and  lead  ;  they  were  all  drawn  out  into  cylindrical  wires  or 
thin  rods,  and  their  length  was  such  that  even  in  the  middle 
of  the  rod  no  effect  of  the  heating  body  Was  perceptible.  The 
copper  alone,  being  the  best  conductor,  was  slightly  affected 
through  its  whole  length. 

The  object  of  the  experiments  was  not  so  much  to  determine 
the  conducting  power  of  the  metals  employed,  as  to  submit 
the  analytical  law  to  the  test  of  experiment ;  the  metallic  sur- 
face of  the  rods  was  therefore  not  protected,  and  remained  un- 
impaired in  the  three  first  metals  ;  the  lead  wire  however  soon 
became  covered  with  a  layer  of  oxide,  which  increased  in 
thickness  every  time  it  was  heated. 

The  results  at  which  the  author  arrived  were  principally 
the  following: — 

The  law  of  Biot, — that  in  a  very  thin,  long  metallic  rod, 
one  end  of  which  is  kept  at  a  constant  temperature  above  that 
of  the  surrounding  air,  after  equilibrium  of  temperature  has 
been  established,  the  excess  of  temperature  in  any  part  of  the 
rod  above  that  of  the  surrounding  air,  decreases  in  geometrical 
progression  as  the  part  examined  is  removed  by  equal  distances 
from  the  heated  end — is  not  generally  confirmed  by  the  author's 
experiments,  and  is  only  true  for  most  of  the  metals  in  the 
case  of  a  very  small  excess  of  temperature.  Among  the  metals 
examined  copper  was  the  only  one  for  which  the  law  held  good, 
at  least  when  the  excess  of  temperature  amounted  to  30    C. 

With  tin,  the  law  no  longer  applied  when  the  excess  was 
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4°  C;  with  steel  when  it  amounted  to  2°  or  3°;  and  lastly,  with 
lead,  when  1°  of  difference  existed,  it  was  not  accurate. 

2.  The  reason  for  this  want  of  accordance  between  the  ob- 
servation and  the  mathematical  law  is,  that  in  establishing  the 
latter  the  outward  and  inward  power  of  conduction  of  bodies 
was  considered  as  independent  of  the  temperature.  If  these 
be  considered  as  functions  of  the  temperature,  a  proximate 
formula  for  the  distribution  of  heat  in  the  rod  may  be  esta- 
blished, which  would  very  nearly  agree  with  my  observations. 

3.  The  conducting  powers  of  bodies  established  by  former 
philosophers  with  the  aid  of  Biot's  law  are  consequently  in- 
correct, and  can  only  be  considered  as  partial  approximations 
to  the  truth. 

4.  The  constant  coefficient  for  the  conducting  power  with  a 
difference  of  temperature  equal  0,  is  therefore  only  to  be  de- 
termined in  this  manner ;  either  by  using  Biot's  law  and  ob- 
serving the  distribution  of  heat  in  the  rod  with  very  small 
differences  of  temperature,  or  more  correctly,  by  ascertaining 
its  value,  as  was  done  in  the  author's  experiments  by  means  of 
Poisson's  formula. 

5.  That  the  method  employed  in  the  observations  is  accu- 
rate, and  that  the  thermo-electrical  battery  will  become  in  the 
hands  of  natural  philosophers  a  more  correct  means  of  ascer- 
taining the  temperature  of  the  surfaces  of  bodies  than  any 
other,  and  may  be  used  in  cases  where  the  common  thermo- 
meters cannot  be  employed. 

XXXI.  On  the  Causes  of  the  Semi-diurnal  Fluctuations  of  the 
Barometer.     By  Thomas  Hopkins,  Esq.* 

THAT  the  non-condensable  gases  and  the  aqueous  vapour 
of  the  atmosphere,  when  it  is  at  rest,  press  on  the  mer- 
cury of  the  barometer  independently  of  each  other,  and  con- 
stitute the  general  atmospheric  pressure,  is  evident  from  their 
known  laws  of  diffusion  and  independent  existence  while  dif- 
fused through  each  other. 

But  that  the  facts  and  reasonings,  commonly  adduced,  rest- 
ing on  those  circumstances,  together  with  the  daily  alterations 
of  thermometic  temperature,  account  for  the  two  risings  and 
the  two  fallings  of  the  barometer,  as  is  contended  by  some 
parties,  cannot  be  admitted. 

In  certain  parts,  such  as  Canada,  of  which  an  account  has 
been  recently  given  by  Colonel  Sabine,  the  influence  of  the 
causes  named  may  be  sufficient  to  account  for  a  considerable 

*  Read  to  the  Literary  and  Philosophical  Society  of  Manchester,  Dec. 
30,  1845,  and  communicated  by  the  Author. 
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portion  of  the  semi-diurnal  movements  of  the  barometer  which 
occur  in  that  country;  but  these  causes  are  not  sufficient  to 
produce  the  diurnal  fluctuations  in  other  places,  such  as  Bom- 
bay, Calcutta  and  La  Guayra.  And  there  can  be  little  doubt 
that  the  real  causes,  whatever  they  may  be,  which  give  rise 
to  the  double  undulations  in  these  tropical  parts,  produce  them 
in  places  where  they  are  less  extensive,  although  the  opera- 
tion of  the  causes  in  the  latter  places  may  be  weaker  and 
more  difficult  to  trace. 

I  have  shown  in  my  "  Atmospheric  Changes"  that  there  is 
no  reason  to  believe  that  the  daily  warming  of  the  atmo- 
spheric gases  by  the  direct  influence  of  the  sun  produces  any 
appreciable  alteration  in  their  pressure  on  the  mercury  of  the 
barometer,  as  the  effect  of  that  warming  on  the  whole  column 
in  the  locality  is  so  small,  as  to  prevent  much  disturbance  of 
atmospheric  pressure;  yet  great  influence  has  been  attributed 
to  solar  heating  near  the  surface  in  producing  the  semi-diurnal 
fluctuations  that  take  place. 

Colonel  Sabine,  in  his  Report  on  the  Meteorology  of 
Toronto  at  the  meeting  of  the  British  Association  in  1844, 
gives  an  explanation  of  the  daily  oscillations.  He  says,  "  As 
the  temperatureof  the  day  increases,  the  earth  becomes  warmed 
and  imparts  heat  to  the  air  in  contact  with  it,  and  causes  it  to 
ascend.  The  column  of  air  over  the  place  of  observation 
thus  warmed  rises,  and  a  portion  of  it  diffuses  itself  in  the 
higher  regions  of  the  atmosphere,  where  the  temperature  at 
the  surface  is  less.  Hence  the  statical  pressure  of  the  column 
is  diminished.  On  the  other  hand,  as  the  temperature  falls, 
the  column  contracts,  and  receives  in  its  turn  a  portion  of  air 
which  passes  over  in  the  higher  regions  from  spaces  where  a 
higher  temperature  prevails;  and  thus  the  statical  pressure  is 
augmented." 

In  the  Athenaeum  of  July  5,  1845,  the  Colonel  is  repre- 
sented as  having  said  at  the  then  recent  meeting  of  the  British 
Association,  that  in  Dr.  Buist's  Meteorological  Report  from 
Bombay,  "  the  explanations  thereby  afforded  of  the  diurnal 
variations  of  the  gaseous  pressure  at  Bombay,  which,  although 
at  first  sight  more  complex  than  at  the  stations  of  Toronto, 
Prague  or  Greenwich,  he  conceives  to  be  equally  traceable  to 
variations  of  temperatures."  Colonel  Sabine  therefore,  after 
having  examined  Dr.  Buist's  meteorological  registers,  retains 
the  opinion  that  the  semi-diurnal  alterations  of  the  gaseous 
pressure  are  produced  by  alterations  of  temperature,  as  that 
temperature  is  shown  by  the  thermometer. 

As  I  propose  to  examine  this  theory  and  to  compare  it  with 
another,  it  will  be  convenient  to  designate  the  two  by  distinct 
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names.  I  shall  therefore  call  the  Colonel's  "  the  temperature 
theory"  and  the  other,  "  the  condensation  theory"  Both  of 
these  rest  on  alterations  of  temperature ;  but  the  former  de- 
pends on  the  temperature  found  by  thermometric  measure- 
ment near  the  earth's  surface,  and  the  latter  on  the  temperature 
which  must  be  produced  by  condensation  of  vapour  in  a 
higher  part  of  the  atmosphere,  of  which  we  have  no  direct 
measure. 

The  semi-diurnal  fluctuations  of  the  barometer  are  the 
greatest  within  the  tropics  ;  and  as  details  of  those  at  Bombay 
have  not  yet  been  published,  we  will  proceed  to  examine  ac- 
counts furnished  by  Kaemtz  in  his  valuable  work  on  Meteo- 
rology. In  page  248  of  that  work  we  have  the  following  tables 
of  the  hourly  heights  of  the  barometer:  — 

Table  I. 

Mean  height  of  the  barometer  expressed  in  millimetres  for  all 
hours,  and  in  different  places. 


Places  .... 

Gt.  Ocean. 

Curaana. 

La  Guayra. 

Calcutta. 

Padua. 

Halle. 

Abo. 

Peters- 
burg. 

Latitude  . . 

0°0' 

10°  23'  N. 

10°  36'  n. 

22°  35'  N. 

45°  24'  N. 

54°29'n. 

60°  57' n. 

59°  66' n. 

Observers  . 

Horner. 

Humboldt. 

Boussin- 
gault. 

Balfour. 

Ciminello. 

Kaemtz. 

Hall- 

stroem. 

Kupffer. 

Noon 

75235 

756-57 

759-41 

759-61 

75702 

753-29 

759-31 

759-47 

1 

751-87 

755-99 

758-91 

759-22 

756-85 

75311 

759-29 

2 

751-55 

755-47 

758-41 

758-39 

756-67 

752-99 

759-27 

759-38 

3 

75115 

75514 

758-12 

758-12 

75654 

752-89 

759-25 

4 

75102 

754-96 

758-05 

757-91 

756-47 

752-84 

759-25 

759-32 

5 

751-31 

75514 

758-10 

757-93 

756-46 

752-86 

759-27 

6 

751-71 

755-41 

758-40 

75801 

756-50 

752-91 

759-29 

759-31 

7 

751-93 

755-81 

758-90 

75802 

756-63 

753-02 

759-34 

8 

752-35 

756-21 

759-19 

758-54 

756-79 

753  14 

759-39 

759-32 

9 

752-74 

756-59 

759-69 

759-24 

756-92 

753-24 

759-44 

10 

752-85 

756-87 

759-93 

759-33 

75702 

753-31 

759-47 

759-36 

11 

752-86 

75715 

759-98 

759-09 

757-02 

753-29 

759-47 

Midnight 

752-47 

756-86 

759-64 

758.80 

75701 

753-23 

759-41 

759-35 

13 

752-20 

756-53 

759-34 

758-62 

756-90 

753-14 

759-33 

14 

751-77 

756-21 

75905 

758-57 

756-84 

75305 

759-24 

759-32 

15 

751-63 

755-89 

758-81 

758-49 

756-78 

752-99 

75914 

16 

751-32 

755-66 

758-68 

758-47 

756-74 

752-99 

759-07 

759-32 

17 

751-65 

755-79 

758-85 

758-44 

756-75 

753-34 

75903 

18 

751-95 

756-18 

759-32 

758-68 

756-79 

75312 

75904 

759-39 

19 

752-84 

758-58 

759-94 

75916 

756-89 

753-24 

759-08 

20 

752-95 

756-98 

760-50 

759-88 

75701 

753-37 

75915 

759-49 

21 

75316 

757-31 

759-63 

76011 

757-08 

753-44 

759-21 

22 

75315 

757-32 

760-50 

759-19 

75714 

753-46 

759-29 

759-51 

23 

752-80 

75701 

759-99 

75909 

75707 

753-40 

759-32 

From  an  examination  of  this  table,  it  will  be  seen  that  the 
fluctuations  are  the  greatest  within  the  tropics,  and  they 
diminish,  though  not  invariably,  with  the  increase  of  latitude. 
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The  first  column  exhibits  the  fluctuations  at  the  equator  in 
the  great  ocean.  The  range  extends  beyond  two  millimetres, 
and  the  descent  from  9  in  the  morning  till  4  in  the  afternoon 
gives  the  whole  extent  of  the  range. 

The  two  next  columns  show  the  alterations  at  Cumana  and 
La  Guayra,  both  above  1 0°  north  latitude,  and  the  ranges  are 
nearly  equal  to  that  at  the  equator. 

The  fourth  column  shows  the  changes  at  Calcutta  to  be 
nearly  as  great  as  in  the  preceding  places,  but  both  this  and 
the  La  Guayra  columns  exhibit  singular  irregularities  in  the 
earlier  parts  of  the  mid-day  descents. 

In  the  Padua  column,  45°  north,  the  fluctuation  is  much 
reduced  in  the  extent  of  its  range,  but  retains  the  same  general 
character. 

In  Halle,  in  latitude  54°,  the  alterations  do  not  differ  ma- 
terially from  those  at  Padua. 

The  changes  are  very  small  in  Abo  and  Petersburg,  and 
in  the  former  place  the  second  rise  attains  a  greater  height 
than  the  first. 

To  these  it  is  desirable  that  we  should  add  the  following 
table  (p.  170)  of  the  height  of  the  dry-  and  wet-bulb  thermo- 
meters, and  the  difference  between  the  two, — with  the  dew- 
point  and  the  height  of  the  barometer  at  Plymouth  for  three 
years,  as  furnished  by  Mr.  S.  Harris,  and  published  in  the 
Ninth  Report  of  the  British  Association  (p.  167). 

In  all  these  places  the  temperature  shows  only  a  single 
fluctuation,  such  as  is  seen  in  the  table  of  the  thermometer  at 
Plymouth,  namely  one  rise  generally  from  about  5  a.m.  to 
1  or  2  p.m.,  and  one  fall  from  that  time  until  5  the  following 
morning.  Now,  if  the  temperature  of  the  atmosphere,  as 
marked  by  the  thermometer,  caused  the  diurnal  fluctuations 
in  the  way  supposed,  we  ought  to  have  in  all  these  places  one 
undulation  in  the  twenty-four  hours  instead  of  two, — the  rise 
of  temperature  causing  a  decline  of  the  barometer  during  the 
hotter  part  of  the  day,  and  the  fall  of  temperature  producing 
a  rise  of  the  barometer  in  the  colder  part.  Yet  Colonel 
Sabine  himself  says  that  at  Bombay,  where  there  is  only  one 
rise  and  one  fall  of  temperature,  there  are  two  risings  and 
two  fallings  of  the  barometer  !  And  these  movements  of  the 
barometer  take  place  not  only  when  that  instrument  is  taken 
as  the  measure  of  the  whole  pressure  of  the  atmosphere,  but 
also  when  the  vapour  pressure  is  deducted,  and  the  mercury 
of  the  barometer  is  taken  as  the  measure  of  the  gaseous  pres- 
sure alone.  These  facts  are  opposed  to,  and  are  irreconcile- 
able  with,  the  temperature  theory. 
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Table  II. 

Table  of  the  heights  of  the  dry-  and  wet-bulb  thermometers, 
and  the  difference  between  the  two,  together  with  the  dew- 
point  and  height  of  the  barometer  at  Plymouth  for  three 
years. 


Thermo- 

Wet-bulb 

Dew- 

Hour. 

meter. 

thermo- 
meter. 

Difference. 

point. 

Barometer. 

1  A.M. 

47-52 

46-20 

1-32 

45-00 

29*8017 

2 

4733 

4603 

1-30 

44-75 

29-7993 

3 

4711 

45-92 

119 

4475 

29-7944 

4 

47-00 

45-66 

1-34 

44-25 

29-7928 

5 

46-98 

45-77 

1-21 

44-75 

297928 

6 

47-41 

4601 

1-40 

44-50 

29-7960 

7 

48-44 

46-83 

1-61 

45-25 

29-8002 

8 

49-68 

47-51 

2-17 

45  00 

29-8032 

9 

51-30 

48-50 

2-80 

45-26 

29-8048 

10 

52-84 

49-45 

3-39 

46-25 

29-8061 

11 

5300 

50-02 

3-88 

46-75 

29-8045 

12 

54-51 

50-40 

414 

46-75 

29-8002 

1  P.M. 

55  83 

50-55 

4-28 

46-75 

29-7957 

2 

54-77 

50-44 

4-33 

46-75 

29-7922 

3 

54-25 

50-24 

401 

46-75 

29-7908 

4 

53-45 

49-80 

3-65 

46-75 

29-7895 

5 

52-27 

49-06 

3*21 

46-25 

29-7938 

6 

51-24 

4S-46 

2-78 

4600 

29-7970 

7 

50-28 

47-90 

2-38 

45-75 

29-8019 

8 

49-44 

47-51 

1-93 

45-75 

29-8061 

9 

48-83 

4717 

1-66 

45-60 

29-8094 

10 

48-48 

46-93 

1-55 

45-60 

29-8099 

11 

4810 

46-66 

1-44 

45  00 

29-8092 

12 

47-80 

46-43 

1-37 

45-00 

29-8065 

Mean .  i . 

50-32 

47-89 

2-43 

45-60 

29-7999 

As  however  the  aqueous  vapour  of  the  atmosphere  presses 
on  the  mercury  of  the  barometer  separately  and  independently, 
it  has  been  attempted  to  be  shown  that  the  variable  pressure 
of  the  vapour  arising  from  difference  in  the  quantity  in  the 
atmosphere  at  different  periods  of  the  day,  combined  with 
change  of  the  gaseous  pressure  resulting  from  alteration  of 
surface  temperature,  and  that  the  two  causes  acting  together 
produced  the  double  undulation  of  the  barometer;  to  this 
view  therefore  we  will  direct  our  attention. 

The  temperature  near  the  surface  of  the  earth  at  Plymouth, 
as  well  as  at  the  other  places,  rises  from  about  5  in  the 
morning  till  about  2  in  the  afternoon ;  and  when  the  wet 
bulb,  as  well  as  the  dry  thermometer,  is  used,  as  it  was  at 
Plymouth,  it  is  seen  that  the  temperature  of  the  latter  rises 
more  than  that  of  the  former,  or  of  the  dew-point,  and  eva- 
poration must  consequently  become  progressively  more  active; 
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there  must  therefore  be  successively  more  water  evaporated 
and  thrown  into  the  atmosphere  to  be  added  to  its  weight. 
And  according  to  the  temperature  theory,  this  water,  now 
converted  into  vapour,  must,  up  to  say  10  o'clock,  press  with 
sufficient  force  on  the  mercury  to  counteract  the  lightening 
influence  of  the  rising  temperature,  as  during  that  time  the 
barometer  rises. 

From  10  until  1  o'clock,  as  the  temperature  rises  still 
higher,  as  compared  with  the  wet-bulb  thermometer  and  the 
dew-point,  evaporation  must  go  on  increasing,  and  the  in- 
crease of  vapour  pressure  ought  to  continue;  but  it  appears 
from  the  table  not  to  do  so,  as  the  mercury  of  the  barometer 
falls  instead  of  continuing  to  rise;  we  have  therefore  to  try  to 
ascertain  what  can  be  the  cause  of  this  fall,  while  additional 
vapour  is  passing  into  the  atmosphere. 

Those  who  advance  the  temperature  theory,  say  that  the 
fall  of  the  barometer  is  caused  by  the  increasing  temperature 
of  the  atmosphere  produced  by  the  action  of  the  sun  on  the 
surface  of  the  earth,  and  the  air  near  to  it;  and  they  must  main- 
tain that  this  increase  is  sufficient,  not  only  to  lighten  the  atmo- 
sphere enough  to  cause  the  fall  of  the  barometer,  but  also  in  ad- 
dition to  counteract  the  influence  of  the  increased  vapour  pres- 
sure. Now  at  Plymouth  the  temperature  rises  from  5  to  10  a.m. 
nearly  6°,  and  may  be  supposed  to  lighten  the  atmosphere  to 
a  certain  extent;  at  the  same  time  evaporation  throws  vapour 
into  the  atmosphere.  We  are,  however,  required  to  suppose 
that  the  vapour  produces  so  much  greater  effect  by  pressing 
on  the  mercury,  than  the  heating  of  the  atmosphere  does  in 
reducing  atmospheric  pressure,  that  the  whole  pressure  be- 
comes greater  and  the  mercury  rises.  But  after  10  o'clock 
the  temperature  continues  to  rise,  but  in  a  smaller  degree,  say 
nearly  3°,  and  vapour  must  be  more  abundantly  thrown  into 
the  air,  as  is  shown  by  the  extent  to  which  the  wet-bulb  ther- 
mometer is  kept  down ;  yet  the  barometer,  instead  of  conti- 
nuing to  rise,  suddenly  turns  and  falls,  and  continues  falling 
from  10  to  1  o'clock,  the  time  of  the  highest  temperature  ! 
So  that  according  to  this  theory,  from  5  to  10  o'clock,  the 
sun  heats  the  air  nearly  6°  and  produces  some  vapour;  and 
the  two  influences  acting  together  cause  the  barometer  to 
rise,  but  from  10  to  1  the  sun  heats  the  air  about  3°,  and  must 
throw  much  additional  vapour  into  the  atmosphere;  and  then 
these  two  influences  still  acting  together  cause  the  barometer 
to  fall !  This  is  attributing  opposite  effects  to  the  same 
causes,  and  must  be  presumed  to  be  erroneous. 

But  let  us  examine  the  valuable  Plymouth  tables  a  little 
more  minutely.     The  first  column  gives  the  temperature  as 
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shown  by  the  ordinary  thermometer ;  the  second,  the  tempe- 
rature of  the  wet-bulb  thermometer,  as  kept  down  by  the  cool- 
ing influence  of  evaporation  ;  and  the  third  gives  the  differ- 
ence between  the  two  first.  Now  as  this  difference  arises  from 
the  extent  of  the  evaporation,  the  numbers  of  the  difference 
may  be  taken  to  express  the  force  and  amount  of  evaporation, 
and  to  indicate  the  additional  vapour  that  is  discharged  into 
the  atmosphere.  This  force  or  amount  at  5  o'clock  in  the 
morning  is  lc,21,  from  which  time  it  increases  to  30,39  at  10 
o'clock.  So  that  during  this  time,  five  hours,  the  increase  in 
the  force  of  evaporation  is  20,18;  and  this  in  the  temperature 
theory  must  be  held  to  be  sufficient  to  overcome  the  lightening 
effect  of  a  rise  of  5°*86  of  temperature,  and  also  to  raise  the 
mercury  of  the  barometer  to  the  full  extent  of  the  morning 
rise  !  After  this  time,  from  10  to  1  o'clock,  the  temperature 
rises  further  from  52°-84  to  55°'83  or  2°*99 ;  and  during  the 
same  period  the  force  of  evaporation  increases  1°'89,  that  is, 
from  3°"39  to  40,28.  Thus  we  are  required  to  believe,  that 
from  5  to  10  in  the  morning,  20,18  of  evaporation  overcame 
the  lightening  influence  of  5°'S6  of  temperature,  and  in  addi- 
tion raised  the  mercury  of  the  barometer;  and  from  10  to  1 
in  the  day,  10,89  of  evaporation  not  only  failed  to  overcome 
the  lightening  effect  of  20,99  of  temperature,  but  allowed  this 
relatively  small  amount  of  temperature  to  produce  the  further 
result  of  a  fall  of  the  mercury  of  the  barometer.  Or  put  in  a 
tabular  form,  say  that  from 

5  to  10  o'clock,  5°*86  of  temperature  and  2°-]8  of  evaporation  caused  a  rise. 
10  to  1  o'clock,  2°-99  of  temperature  and  l°-89  of  evaporation  caused  a  fall ! 

That  is,  where  temperature,  the  influence  which  lightens  the 
atmosphere,  is  relatively  great  and  should  cause  a  fall,  the 
mercury  of  the  barometer  rises;  and  where  the  influence  of 
temperature  is  relatively  small  and  should  cause  the  vapour 
to  produce  a  rise,  the  mercury  falls !  This  must  be  erro- 
neous. 

In  the  same  place,  at  Plymouth,  from  1  o'clock  until  4  p.m., 
as  may  be  seen  in  the  table,  the  temperature  falls ;  and  as  far 
as  that  temperature  acted  the  atmosphere  would  of  course  be- 
come heavier.  At  the  same  time  evaporation  shows  vapour 
is  passing  into  the  atmosphere;  it  ought  therefore  to  follow 
that  the  barometer  should  rise,  and  considerably  too,  through 
the  operation  at  the  same  time  of  both  the  causes  which  are 
supposed  to  contribute  to  the  production  of  a  rise.  But  the 
barometer  does  not  rise ;  on  the  contrary,  it  falls,  and  conti- 
nues falling  until  4  o'clock.  These  facts  and  reasonings  prove 
that  neither  the  daily  variations  of  surface  temperature,  nor 
the  different  amounts  of  vapour  pressure,  nor  both  taken  to- 
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gether,  are  adequate  to  the  production  of  the  fall  of  the  baro- 
meter from  10  to  4  o'clock  in  the  day. 

And  if  we  proceed  with  our  inquiries  into  the  next  period 
of  six  hours,  that  is,  from  4  to  10  p.m.,  we  meet  with  facts 
that  do  not  harmonize  with  the  temperature  theory.  During 
the  whole  of  this  time,  it  is  true  the  temperature  falls  and  the 
barometer  rises:  but  the  vapour  pressure  must  have  dimi- 
nished according  to  the  temperature  theory,  as  the  dew-point, 
the  measure  of  vapour  pressure,  falls  ;  and  the  lowering  of  the 
dew-point  after  4  o'clock  showed  that  vapour  was  then  con- 
densing in  the  lower  part  of  the  atmosphere.  So  that  here  it 
becomes  necessary  to  suppose  that  the  atmosphere  cools 
enough,  not  only  to  raise  the  barometer  to  the  full  extent  of 
its  daily  range,  but  also  to  counteract  the  reduction  which  takes 
place  at  the  same  time  in  the  vapour  pressure.  Again,  from 
10  at  night,  although  the  atmosphere  continued  to  cool,  the 
barometer  did  not  continue  to  rise,  but  once  more  fell,  which 
fall  is  attributed  to  a  diminution  of  vapour  pressure.  Thus 
from  4  to  10  in  the  afternoon  and  evening,  cooling  the  atmo- 
sphere is  represented  as  more  powerful  than  reduction  of  va- 
pour pressure ;  and  from  10  in  the  evening  to  4  in  the  morn- 
ing, reduction  of  vapour  pressure  is  supposed  to  be  more  pow- 
erful than  cooling  the  atmosphere.  The  two  forces,  we  are 
required  to  believe,  do  not  merely  neutralize  each  other,  but 
each  in  its  turn  exercises  a  paramount  influence,  and  for  the 
time  determines  an  absolute  rise  or  a  fall  of  the  barometer; 
and  this  we  are  called  upon  to  admit  without  any  satisfactory 
or  even  plausible  evidence  being  adduced  to  prove  it. 

What  has  been  here  advanced  applies  with  the  greatest 
force  to  the  semi-diurnal  fluctuations  in  atmospheric  pressure 
which  take  place  within  the  tropics.  Aqueous  vapour  exists 
in  the  atmosphere  in  larger  proportions  in  that  part  of  the 
world  than  it  does  in  higher  latitudes ;  and  it  is  to  the  daily 
condensation  of  that  vapour  in  the  atmosphere,  and  its  subse- 
quent evaporation  there,  that  we  are  really  to  attribute  the 
great  deviation  of  the  movements  of  atmospheric  pressure  from 
the  daily  march  of  temperature.  If  no  vapour  existed  in  the 
atmosphere,  the  alteration  of  pressure  would  be  very  little, 
and  it  would  be  the  reverse  of  temperature.  As  the  atmo- 
sphere became  warmer,  the  pressure  would  be  less ;  as  it  be- 
came colder,  the  pressure  would  be  more.  And  the  hourly 
variation  in  the  quantities  of  vapour  actually  found  in  the  at- 
mosphere which  arises  from  alteration  of  surface  temperature, 
only  introduces  another  element  of  pressure  into  the  inquiry, 
which  is  simple  in  its  character,  — the  vapour  increasing  or 
diminishing  with  an  increase  or  diminution  of  temperature. 
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If  the  two  were  equal  while  acting  in  opposite  directions,  they 
would  balance  each  other.  But  the  separate  action  of  these 
two  causes  cannot  produce  such  a  double  undulation  of  the 
mercury  of  the  barometer  as  that  which  occurs  daily  in  the 
tropical  regions  and  at  Plymouth. 

The  double  undulation  which  takes  place  may  be  thus  ac- 
counted for.  When  the  sun  acts  with  force  on  the  surface  of 
the  earth  in  the  morning,  it  heats  that  surface,  and  the  air 
near  it;  increases  evaporation  of  moisture  from  wet  surfaces, 
and  sends  forth  vapour,  which  presses  on  the  mercury  of  the 
barometer  and  causes  it  to  rise.  The  lower  part  of  the  at- 
mosphere being  heated  also  rises  at  the  same  time,  probably 
in  separate  vertical  streams,  until  it  reaches  a  height  where  its 
expansion  and  consequent  cooling  is  sufficient  to  condense  a 
part  of  the  vapour  which  it  contains.  A  cloud  is  then  formed, 
and  the  heat  which  has  been  evolved  in  the  condensation  of 
the  vapour  makes  the  cloud  lighter  than  the  adjoining  air. 
The  vapour  in  the  upper  pari  of  the  air  being  thus  removed 
by  conversion  into  water,  no  longer  presses  as  vapour,  or 
with  the  same  force  on  that  below;  and  the  lower  vapour 
consequently  rises  more  freely  to  the  height  of  the  cloud. 
Both  the  air  and  vapour  are  also  (speaking  in  popular  lan- 
guage) drawn  up  by  the  ascending  cloud,  and  fresh  air  flows 
in  from  adjoining  low  levels,  forming  what  in  some  parts 
is  called  the  sea  breeze.  Cloud  more  or  less  thick  is  now 
formed,  more  heat  is  liberated,  and  a  larger  mass  of  air  heated, 
which  being  forced  upwards  expands  and  makes  the  whole 
atmospheric  column  lighter,  and  reduces  the  pressure  on  the 
surface  below.  Under  ordinary  circumstances  this  process 
proceeds  while  the  sun  acts  with  considerable  power  on  the 
surface  of  the  earth,  which  is  generally  from  10  a.m.  to  4  p.m., 
when  day-cloud  ceases  to  form.  In  this  way,  from  10  in  the 
morning  till  4  in  the  afternoon,  the  barometer  is  caused  to  fall, 
through  the  condensation  of  vapour  in  the  upper  part  of  the 
atmosphere  making  the  column  of  air  warmer  and  lighter. 
But  now  as  vapour  no  longer  ascends,  cloud  ceases  to  form, 
but  that  cloud  which  had  been  formed  remains  suspended  in 
the  air,  where  it  begins  to  cool  from  the  influence  of  evapora- 
tion of  the  particles  of  water  that  form  the  cloud.  When  it 
cools  sufficiently,  it  becomes  heavier  and  sinks,  and  additional 
air  flows  towards  and  over  it,  increasing  the  weight  of  the 
whole  column  in  the  locality  and  causing  the  barometer  to 
rise.  By  10  the  heavy  air  produced  by  cloud  evaporation 
has  partly  descended  and  diffused  itself  on  the  surface  of  the 
earth,  forming  what  is  called  the  land  breeze;  and  during  the 
same  time  the  cold  of  the  surface  condenses  some  of  the  va- 
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pour  into  dew,  when  the  atmosphere  becomes  somewhat  lighter 
up  to  about  4  or  5  in  the  morning. 

As  we  proceed  from  the  equator  towards  higher  latitudes, 
we  find  less  vapour  in  the  atmosphere,  and  its  influence  on 
atmospheric  pressure  is  less  marked.  At  Padua  the  fall  of 
the  barometer  from  10  to  4  in  the  day  is  not  much  more  than 
one-fourth  the  extent  that  it  is  at  the  equator,  and  at  St. 
Petersburg  it  is  very  small.  In  situations  where  there  is  not 
sufficient  vapour  in  the  atmosphere  to  form  any  daily  cloud, 
it  is  to  be  presumed  that  if  a  barometrical  registration  were 
to  be  made,  there  would  be  no  double  movement  exhibited 
showing  a  fall  from  10  a.m.  to  4-  p.m.,  and  a  rise  from  4  to 
10  p.m.,  because  there  would  be  no  condensation  and  warm- 
ing to  produce  the  former,  nor  evaporation  and  cooling  to 
cause  the  latter. 

The  heating  effects  of  condensing  vapours  may  however  be 
traced  even  in  comparatively  dry  latitudes,  such  as  that  of 
Toronto,  as  shown  in  Col.  Sabine's  report  to  the  British  As- 
sociation in  1844.  There  was  no  fall  of  the  barometer  at  that 
place  from  4  to  10  in  the  morning,  although  the  temperature 
had  risen  from  39°'20  to  46°*35,  above  7°;  but  in  the  middle 
of  the  day,  from  1 0  to  4,  with  an  increase  of  temperature  from 
460,35  to  50o,55,  being  only  4°'20,  the  gaseous  as  well  as  the 
general  atmospheric  pressure  was  materially  reduced  !  not- 
withstanding that  the  increase  in  the  quantity  of  vapour  du- 
ring this  time  must  have  been  as  great  as  it  was  in  the  pre- 
ceding period ;  and  if  this  increased  quantity  had  remained  in 
the  atmosphere,  its  pressure  must  have  been  added  to  that 
which  previously  existed.  We  are  then  obliged  to  suppose 
that  the  reduction  of  the  pressure  which  took  place  imme- 
diately after  10  o'clock,  arose  from  a  cause  which  came  into 
operation  at  that  time;  and  that  cause  it  is  contended  can  be 
found  only  in  the  heating  of  the  atmosphere  by  the  conden- 
sation of  vapour. 

The  great  defect  of  the  temperature  theory  is,  that  it  fails 
to  account  for  the  fall  of  the  barometer  from  10  a.m.  to  4  p.m., 
and  its  subsequent  rise  from  4  to  10  p.m.,  though  this  is  the 
oscillation  for  which  we  have  particularly  to  account;  whilst 
the  theory  here  maintained  points  out  the  cause  of  these,  as 
well  as  the  other  diurnal,  and  also  of  the  casual  movements  of 
the  barometer.  We  are  therefore  at  liberty  to  conclude  that 
the  semi-diurnal  fluctuations  of  the  barometer  can  be  accounted 
for  only  on  the  condensation  theory. 


[    H6    ] 

XXXII.  On  the  Principles  to  be  applied  in  explaining  the 
Aberration  of  Light.  By  the  Rev.  J.  Challis,  M.A.,  Plu- 
mian  Professor  of  Astronomy  in  the  University  of  Cam- 
bridge*. 

THE  aberration  of  light  having  been  brought  before  the 
notice  of  the  readers  of  this  Journal  by  several  recent 
communications,  I  am  unwilling  to  let  the  subject  drop  with- 
out saying  a  few  more  words  respecting  the  principles  to  be 
applied  in  the  explanation  of  the  phenomenon,  which  possibly 
may  appear,  after  all  that  has  been  said,  to  be  involved  in  un- 
certainty. I  propose  to  answer  the  question,  Is  the  aberration 
of  light  to  be  attributed  to  known  causes,  or  must  we,  to  ex- 
plain it,  have  recourse  to  hypothesis  ? 

The  first  attempts  to  explain  aberration  referred  it  to  the 
combined  effect  of  the  motion  of  the  earth  and  the  tempora- 
neous  transmission  of  light,  and  accordingly  proceeded  on  the 
principle  of  attributing  it  to  known  causes.  It  must,  however, 
be  admitted  that  every  attempt  to  show  how  the  observed 
effect  resulted  from  these  causes,  what  was  the  particular 
modus  operandi,  v/as  unsatisfactory.  Some  idea  appropriate 
to  the  subject  was  still  wanting.  This  idea  I  consider  that  I 
have  succeeded  in  supplying.  I  have  argued,  as  had  not  been 
argued  before,  that  because  the  direction  of  a  celestial  object 
is  necessarily  referred  to  the  direction  of  a  terrestrial  object, 
light  from  the  one  as  well  as  light  from  the  other  must  be 
taken  account  of  in  considering  the  question  of  aberration. 
It  is  self-evident,  that  if  at  any  instant  two  objects  appear  in 
the  same  direction,  whatever  course  the  light  from  the  more 
distant  may  have  taken  before  it  reaches  the  nearer,  it  subse- 
quently pursues  a  common  course  with  light  from  the  latter, 
and  the  two  portions  of  light  enter  the  eye  at  the  given  instant 
simultaneously.  The  direction  in  which  the  light  comes  is 
therefore  judged  to  be  the  same  as  the  direction  at  that  instant 
of  the  nearer  object  from  the  eye.  But  during  the  interval  the 
light  takes  to  pass  from  the  nearer  or  terrestrial  object  to  the 
eye,  this  object  is  carried  by  the  earth's  motion  away  from  the 
direction  of  the  progression  of  light,  and  the  two  directions, 
at  the  time  they  are  judged  to  be  coincident,  are  in  reality 
separated  by  a  certain  angle.  This  angle  is  aberration.  I 
may  refer  to  my  communication  in  the  February  Number  for 
a  proof,  which  I  venture  to  say  is  as  cogent  as  any  proof  in 
the  elements  of  geometry,  that  according  to  the  principles  just 
stated,  an  astronomical  instrument  employed  to  measure  the 
earth's  way,  as  it  is  called,  would  measure  a  smaller  angle. 

*  Communicated  by  the  Author. 
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The  difference,  or  aberration,  is  readily  calculated  from  know- 
ing by  observations  of  the  eclipses  of  Jupiter's  satellites,  the 
ratio  of  the  earth's  velocity  to  the  velocity  of  light.  Being  so 
calculated  the  amount  is  found  to  be  the  same  as  the  amount  of 
aberration  independently  determined  by  astronomical  observa- 
tion. It  follows  from  this  accordance,  not  only  that  the  aber- 
ration of  light  is  entirely  accounted  for  on  these  principles, 
but  also,  as  a  corollary,  that  the  direction  of  the  progression 
of  light  from  a  star,  as  it  enters  the  eye,  is  the  true  direction  of 
the  star.  Whether  it  be  the  star,  or  the  terrestrial  object 
to  which  it  is  referred,  that  is  seen  in  its  true  place,  is  a  curious 
question,  not  readily  answered,  and  not  in  the  least  degree  ne- 
cessary to  be  answered  in  the  present  inquiry. 

Sufficient  reasons  have  now,  I  think,  been  adduced  for 
coming  to  the  conclusion,  that  the  question  I  proposed  to 
consider  must  receive  the  following  categorical  answer: — The 
aberration  of  light  is  entirely  due  to  known  causes,  viz.  the 
motion  of  the  earth  and  the  temporaneous  transmission  of 
light,  and  does  not  require  for  its  explanation  any  hypothesis 
whatever. 

What  then  becomes  of  the  theories  which  have  been  framed 
to  account  for  aberration  on  the  hypothesis  of  certain  motions 
of  the  aethereal  medium  ?  As  explanations  of  aberration  they 
can  be  of  no  value,  it  being  an  acknowledged  principle  in  phi- 
losophy, that  an  hypothesis  is  not  to  be  sought  for  to  explain 
what  may  be  explained  by  known  causes.  All  that  is  left  for 
the  theorist  to  do,  supposing,  as  it  appears  necessary  to  sup- 
pose, that  the  aether  is  in  some  way  put  in  motion  by  the 
motion  of  the  earth,  is  to  show  that  no  aberration  results  from 
such  motion,  the  whole  being  attributable  to  the  earth's  mo- 
tion. This  problem  I  have  considered  in  my  two  former 
communications,  not  because  it  was  necessary  to  do  so  to 
complete  the  explanation  of  aberration,  but  with  the  view  of 
removing  an  objection  that  might  be  raised  against  the  undu- 
latory  theory  of  light.  By  taking  account  both  of  the  light 
from  the  star  and  the  light  from  the  terrestrial  object  to  which 
the  star's  direction  is  referred,  I  found  that  no  aberration 
would  result  from  the  motion  of  the  tether,  provided  it  satis- 
fied certain  not  improbable  analytical  conditions.  A  different 
conclusion  would  be  arrived  at  by  the  same  reasoning,  if  the 
light  from  the  star,  as  is  commonly  done  in  treating  of  aber- 
ration, were  alone  considered. 

With  these  remarks  I  dismiss  the  subject  of  aberration, 
having  attained  the  object  I  had  in  view  in  taking  it  up,  if  I 
have  succeeded  in  extricating  the  explanation  of  the  phaeno- 
menon  from  hypothesis  and  conjecture,  and  placing  it  on  its 
true  basis. 

Cambridge  Observatory,  Feb.  17,  1846. 
Phil.  Mag.  S.  3.  Vol.  28.  No.  18C.  March  184.6.  O 
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XXXIII.  On  the  Cause  of  the  Circulation  of  the  Blood.  By 
John  William  Draper,  M.D.,  Professor  of  Chemistry  in 
the  University  qf  New  York, 

\  MONO  physiological  problems  there  is  none  of  greater 
■*■*-  interest,  or  of  more  importance  in  its  relations  to  the 
well-being  of  man,  than  that  which  proposes  to  determine  the 
true  cause  of  the  circulation  of  the  blood,  and  the  various 
other  liquids  which  pass  from  one  portion  of  living  systems  to 
another.  Unquestionably  one  of  the  most  important  disco- 
veries ever  made  by  any  physician  was  that  of  the  route  of 
the  circulation  by  Harvey.  The  clearness  with  which  he  and 
his  successors  developed  that  doctrine  not  only  fully  established 
his  views,  but  gave  rise  to  a  serious  error  which  is  scarcely 
removed  in  our  times. 

That  error  relates  to  the  action  of  the  heart.  These  earlier 
writers  regarded  the  circulation  of  the  blood  as  a  hydraulic 
phasnomenon,  supposing  that  the  heart  simulated  exactly  the 
action  of  a  pumping  machine.  It  is  now  on  all  hands  con- 
ceded that  this  organ  discharges  a  very  subsidiary  duty.  The 
whole  vegetable  creation,  in  which  circulatory  movements  of 
liquids  are  actively  carried  on  without  any  such  central  me- 
chanism of  impulsion  ;  the  numberless  existing  acardiac  beings 
belonging  to  the  animal  world ;  the  accomplishment  of  the 
systemic  circulation  of  fishes  without  a  heart;  and  the  occur- 
rence in  the  highest  tribes,  as  in  man,  of  special  circulations 
which  are  isolated  from  the  greater  one,  have  all  served  to 
demonstrate  to  physiologists  that  they  must  look  to  other 
principles  for  the  cause  of  these  remarkable  movements. 

When  we  reflect  how  large  a  portion  of  the  human  family 
is  destroyed  by  diseases  dependent  on  derangements  of  the 
circulation,  and  to  how  great  an  extent  the  practice  of  medi- 
cine, as  a  scientific  pursuit,  must  depend  on  just  views  of  this 
important  function,  a  natural  philosopher  can  scarcely  be  more 
profitably  employed  than  in  attempting  a  solution  of  this  pro- 
blem. 

I  am  persuaded  that  the  phenomenon  may  be  accounted 
for  upon  physical  principles  in  a  satisfactory  manner ;  that 
we  can  co-ordinate  together,  and  arrange  as  examples  of  one 
common  law,  the  various  forms  of  circulatory  movements, 
whether  they  occur  among  vegetables  or  animals,  among  in- 
sects, or  fishes,  or  mammals ;  and  that  the  facts  which  we 
meet  in  derangements  of  these  motions,  or  their  cessation,  as 
in  fainting,  coughing,  and  the  different  forms  of  disease,  or 
such  as  take  place  after  hanging,  the  inhalation  of  protoxide 
of  nitrogen,  or  alcoholic  drunkenness,  or  in  that  most  remark- 
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able  of  all  results,  the  restoration  from  death  by  drowning ; 
in  all  these  and  many  other  such  cases  we  can  give  the  most 
felicitous  explanation. 

The  principal  facts  which  I  design  here  to  establish  are, — 

First.  The  systemic  circulation  is  due  to  the  de-oxidation  of 
arterial  blood. 

Secondly.  The  pulmonary  circulation  is  due  to  the  oxida- 
tion of  venous  blood. 

And,  in  conclusion,  I  shall  offer  some  explanatory  remarks 
on  the  phenomena  of  the  coagulation  of  the  blood, 

Several  physiologists  have  already  made  an  approach  to 
the  doctrine  which  will  be  developed  in  this  memoir.  Among 
well-informed  writers  it  is  conceded  that  we  must  look  to  the 
relations  between  the  blood  and  the  tissues  for  the  true  cause 
of  the  circulation.  Thus  Dr.  Alison  attributes  the  effect  to  a 
"  series  of  vital  attractions  and  repulsions,"  created  by  the 
operations  to  which  the  blood  in  the  capillaries  is  subservient, 
an  idea  which  Dr.  Carpenter  has  rendered  more  explicit,  by 
suggesting  that  these  forces  may  not  be  "essentially  different 
from  those  which  are  witnessed  in  Physics  and  Chemistry  " 
(Carpenter's  Human  Physiology,  vol.  ii.  p.  417).  But  these 
views  do  not  communicate  a  definite  idea  of  the  true  mecha- 
nism of  the  motion,  nor  do  they  exhibit  that  phenomenon  as 
clearly  connected  with  well-known  chemical  changes  occur- 
ring in  living  systems.  Should  it  appear,  as  I  shall  endeavour 
to  prove,  that  the  circulation  is  a  necessary  result  of  the  al- 
ternate oxidation  and  deoxidation  of  the  blood,  we  exchange 
at  once  a  loose  and  ill-defined  conception  for  a  precise  and 
definite  fact. 

It  will  be  perceived  that  I  speak  of  the  oxidation  and  de- 
oxidation  of  the  blood  as  the  great  facts  to  be  regarded,  and 
leave  out  of  consideration  the  spontaneous  changes  which  that 
fluid  itself  undergoes;  those  minor  effects  which  it  impresses 
on  the  tissues,  and  those  which  they  reciprocally  impress  on 
it.  For  the  blood  experiences  in  the  systemic  circulation  an 
incessant  change,  discharging  a  double  function.  Its  plasma 
serves  for  nutrition,  its  discs  tor  the  production  of  heat.  But 
whilst  the  final  function  of  the  plasma  and  discs  is  different, 
there  is  an  intimate  relationship  between  them.  It  is  from 
the  plasma  that  the  discs  arise,  and  at  its  expense  they  grow. 
Moreover,  the  tissues  themselves,  in  their  metamorphoses, 
impress  changes  on  the  blood ;  the  cells  of  which  they  are 
composed  have  an  ephemeral  existence,  they  dissolve,  and 
the  circulating  fluid  removes  their  remains  and  forms  new 
ones  in  their  stead. 

I  doubt  very  much  whether  animals  obtain  ready-formed 
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fibrine  from  the  vegetable  world.  During  the  incubation  of 
an  egg  we  see  this  substance  arising  from  albumen,  and  the 
analogy  is  probably  continued  in  higher  forms  of  existence. 
Neither  is  it  by  any  means  certain  that  fibrine  exists  in  a  state 
of  solution  in  the  blood.  But,  as  we  shall  presently  see,  the 
probabilities  are  that  it  coagulates  as  it  is  produced  by  the 
metamorphosis  of  the  blood,  that  metamorphosis  being  ori- 
ginally due  to  the  act  of  respiration.  Under  an  accelerated 
respiration,  the  discs  oxidize  with  corresponding  rapidity  and 
the  amount  of  fibrine  increases;  but  if  the  supply  of  oxygen 
be  limited,  there  is  a  restraint  on  the  change  of  the  discs,  and 
the  amount  of  fibrine  declines. 

The  ultimate  products  of  these  metamorphoses  include  of 
course  all  the  results  of  the  intervening  stages,  and  those  ul- 
timate products  are  chiefly  water,  ammonia  and  carbonic  acid. 
We  are  justified  therefore  in  these  physiological  discussions  in 
looking  at  the  whole  process  as  one  of  oxidation,  and  neglect- 
ing intermediate  metamorphoses  we  regard  only  the  final  ac- 
tion, and  that  action  is  the  transmutation  of  oxygen  into  car- 
bonic acid,  of  hydrogen  into  water,  of  nitrogen  into  ammonia. 

Explanation  of  the  General  Physical  Principle. — If,  in  a 
vessel  containing  some  water,  a  tube  of  small  diameter  be 
placed,  the  water  immediately  rises  to  a  certain  point  in  the 
tube  and  remains  suspended. 

Let  the  tube  be  now  broken  off  below  that  point,  and  re- 
placed in  the  cup  of  water;  the  liquid  rises  as  before,  but 
though  it  reaches  the  broken  extremity  it  does  not  overflow. 
A  capillary  tube  may  raise  water  to  its  highest  termination, 
but  a  continuous  current  cannot  take  place  through  it. 

Now,  suppose  a  rapid  evaporation  of  the  liquid  to  ensue 
from  the  broken  extremity  of  the  tube,  as  fast  as  the  removal 
of  one  portion  is  accomplished  others  will  rise  through  the 
tube,  and  in  the  course  of  time  the  vessel  will  be  emptied. 
By  evaporation  from  the  upper  extremity  a  continuous  cur- 
rent is  established ;  a  spirit-lamp,  with  its  cap  removed,  is  an 
example  of  this  fact. 

Or,  if  the  liquid  which  has  risen  to  the  upper  end  of  the 
tube  be  of  a  combustible  nature,  oil  for  example,  and  be  there 
set  on  fire,  as  the  process  of  combustion  goes  on  a  current 
will  be  established  in  the  tube,  as  in  a  common  oil-lamp  in 
the  act  of  burning. 

The  principle  which  I  wish  to  draw  from  these  well-known 
facts  is,  that  though  ordinary  capillary  attraction  cannot  de- 
termine a  continuous  flow  of  a  liquid  through  a  tube,  there 
are  very  many  causes  which  may  tend  to  produce  that  re- 
sult. 
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Let  a,  b,  c  be  a  capillary  tube  filled  with  a  certain 
liquid,  between  which  and  the  tube  there  are  at  dif- 
ferent points  affinities  differing  in  intensity.  Suppose 
at  a  the  affinity  between  the  liquid  and  the  tube  is 
intense,  that  it  becomes  feebler  and  feebler  towards 
b,  and  at  c  has  ceased  altogether.  Under  these  cir- 
cumstances there  will  be  a  continuous  flow  through 
the  tube  from  a  to  c. 

To  make  this  quite  plain,  let  us  imagine  the  tube  a  c  to  be 
formed  of  combustible  matter  of  any  kind,  and  at  the  point  a 
an  oxidizing  liquid  enters  it.  The  liquid,  as  it  passes  along 
the  tube,  exerts  its  oxidizing  agency,  which  at  the  expense  of 
the  tube  is  gradually  satisfied.  In  successive  portions  of  such 
a  tube  the  affinity  is  constantly  declining.  It  is  greatest  at  a, 
diminishes  as  it  passes  along,  and  ceases  altogether  at  c. 
Under  these  circumstances  there  will  be  a  constant  flow  along 
the  tube. 

A  tube  with  an  included  liquid  which  is  thus  incessantly 
varying  in  its  relations  will  give  rise  to  a  continuous  move- 
ment. At  the  point  of  entrance,  the  liquid,  powerfully  at- 
tracted by  the  tube,  rises  with  energy;  but  the  chemical 
changes  that  set  in,  satisfying  and  neutralizing  that  attraction, 
to  use  a  common  expression,  it  loses  its  hold  on  the  tube  as  it 
goes,  and  new  quantities,  arriving  behind,  continuously  press 
out  those  which  are  before  them. 

These  various  results  may  be  expressed  in  the  following 
general  terms. 

If  a  given  liquid  occupies  a  capillary  tube,  or  a  porous  or 
parenchymatous  structure,  and  has  for  that  tube  or  structure 
at  different  points  affinities  which  are  constantly  diminishing, 
movement  will  ensue  in  a  direction  from  the  point  of  greater 
to  the  point  of  less  affinity. 

Or  thus : 

If  a  given  liquid  occupies  a  capillary  tube,  or  a  porous  or 
parenchymatous  structure,  and  whilst  in  that  tube  or  structure 
changes  happen  to  it,  which  tend  continually  to  diminish  its 
attraction  for  the  surface  with  which  it  is  in  contact,  move- 
ment will  ensue  in  a  direction  from  the  changing  to  the 
changed  fluid. 

Application  of  this  'principle  to  the  Circulation  of  the  Blood. 
— Let  us  now  apply  these  principles  to  some  of  the  circula- 
tions which  take  place  in  the  human  system,  and  select  for 
that  purpose  the  four  leading  forms,  the  systemic,  the  pul- 
monary, the  portal  and  the  placental  circulation. 

The  Systemic  Circulation. — The  arterial  blood,  which 
moves  along  the  various  aortic  branches,  contains  oxygen 
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which  has  been  obtained  in  its  passage  over  the  air-cells  of 
the  lungs,  an  oxidation  which  is  indicated  by  its  bright  crim- 
son tint.  On  reaching  its  final  distribution  in  the  tissues,  it 
effects  their  oxidation,  producing  heat ;  and  as  it  loses  its 
oxygen,  and  receives  the  metamorphosed  products  of  the  tis- 
sues, it  takes  on  the  blue  colour  characteristic  of  venous 
blood. 

If  now  we  contrast  the  relations  of  arterial  and  venous 
blood  to  the  tissues,  it  is  obvious  that  the  former,  from  the 
fact  that  it  can  oxidize  them,  must  have  an  intense  affinity  for 
them  ;  but  the  latter,  as  it  is  the  result  of  that  action  after  all 
affinities  have  been  satisfied,  must  have  an  attraction  which  is 
correspondingly  less. 

Arterial  blood  has  therefore  a  high  affinity  for  the  tissues ; 
venous  blood  little  or  none.  But  the  change  from  arterial 
to  venous  blood  takes  place  in  the  manner  I  have  just  indi- 
cated ;  and  therefore,  upon  the  first  of  the  foregoing  general 
rules,  motion  will  take  place,  and  in  a  direction  from  the  arte- 
rial to  the  venous  side. 

By  the  deoxidizing  action  of  the  tissues  upon  the  blood,  that 
liquid  ought  upon  these  principles  to  move  from  the  arteries 
into  the  veins,  in  the  systemic  circulation.  The  systemic  cir- 
culation is  therefore  due  to  the  deoxidation  of  arterial  blood. 

The  Pulmonary  Circulation. — In  this  circulation  ve- 
nous blood  presents  itself  on  the  sides  of  the  air-cells  of  the 
lungs,  not  to  carbonaceous  or  hydrogenous  atoms,  but  to 
oxygen  gas,  which  being  the  more  absorbable  of  the  consti- 
tuents of  the  air,  is  taken  up  and  held  in  solution  by  the  moist 
walls  of  those  cells.  Absorption  of  that  oxygen  takes  place, 
and  arterialization  is  the  result.  The  blood  from  being  blue 
turns  crimson. 

What  now  are  the  relations  between  venous  and  arterial 
blood  and  oxygen  gas  ?  For  that  gas  venous  blood  has  a  high 
affinity,  as  is  shown  by  its  active  absorption ;  but  this  affinity 
is  satisfied  and  has  ceased  in  the  case  of  arterial  blood. 

The  change  from  venous  to  arterial  blood,  which  takes  place 
on  the  air-cells  which  are  charged  with  oxygen  gas,  ought  upon 
these  general  principles  to  be  accompanied  by  movement  in 
a  direction  from  the  venous  to  the  arterial  side. 

The  pulmonary  circulation  is  due  to  the  oxidation  of  venous 
blood,  and  ought  to  be  in  a  direction  from  the  venous  to  the 
arterial  side.  These  considerations  therefore  explain  the 
cause  of  the  flow  in  opposite  directions  in  the  systemic  and  the 
pulmonic  circulation  ;  in  the  former  the  direction  is  from  the 
arterial  to  the  venous  side,  in  the  latter  from  the  venous  to 
the  arterial.     It  arises  from  the  opposite  chemical  reactions 
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which  are  taking  effect  in  the  system  and  in  the  lungs ;  in  the 
former,  as  respects  the  blood,  it  is  a  de-oxidation,  in  the  latter 
an  oxidation. 

The  Portal  Circulation. — Two  systems  of  forces  con- 
spire to  drive  the  portal  blood  out  of  the  liver  into  the  as- 
cending cava. 

1st.  The  blood  which  is  coming  along  the  capillary  portal 
veins,  and  that  which  is  receding  by  the  hepatic  veins,  com- 
pared together  as  to  their  affinities  for  the  structure  of  the  liver, 
have  obviously  this  relation — the  portal  blood  is  acted  upon 
by  the  liver,  and  there  are  separated  from  it  the  constituents 
of  the  bile ;  the  affinities  which  have  been  at  work  in  produ- 
cing this  result  have  all  been  satisfied,  and  the  residual  blood 
over  which  the  liver  can  exert  no  action  constitutes  that  which 
passes  into  the  hepatic  veins.  Between  the  portal  blood  and 
the  structure  of  the  liver  there  is  an  energetic  affinity,  be- 
trayed by  the  circumstance  that  a  chemical  decomposition 
takes  place,  and  bile  is  separated ;  and  that  change  completed, 
the  residue,  which  is  no  longer  acted  upon,  forms  the  venous 
blood  of  the  hepatic  veins.  In  the  same  manner,  therefore, 
that  in  the  systemic  circulation  arterial  blood  in  its  passage 
along  the  capillaries  becomes  deoxidized,  in  consequence  of 
an  affinity  between  its  elements  and  those  of  the  structures 
with  which  it  is  brought  in  contact,  and  drives  the  inert  ve- 
nous blood  before  it,  so  too,  in  the  portal  circulation,  in  con- 
sequence of  the  chemical  affinities  and  reactions  which  obtain 
between  the  portal  blood  and  the  substance  of  the  liver,  affi- 
nities and  reactions  which  are  expressed  by  the  separation  of 
the  bile,  that  blood  drives  before  it  the  inert  blood  of  the  he- 
patic veins. 

2nd.  The  blood  of  the  hepatic  artery,  after  serving  for  the 
occonomic  purposes  of  the  liver,  is  thrown  into  the  portal  plexus. 
Hence  arises  a  second  force.  The  pressure  of  the  arterial 
blood  in  the  hepatic  capillaries  upon  this  is  sufficient  not  only 
to  impel  it  into  the  capillaries  of  the  portal  veins,  but  also  to 
give  it  a  pressure  in  a  direction  towards  the  hepatic  veins ; 
for  any  pressure  which  arises  between  the  arterial  blood 
of  the  hepatic,  and  its  corresponding  venous  blood,  must  give 
rise  to  motion  towards  the  hepatic  veins,  no  regurgitation  can 
take  place  backward  through  the  portal  vein  upon  the  blooa 
arriving  from  the  chylopoietic  viscera,  because  along  that 
channel  there  is  a  pressure  in  the  opposite  direction,  arising 
from  the  arterial  blood  of  the  aortic  branches.  The  pressure 
therefore  arising  from  the  relations  of  the  hepatic  arterial  blood 
conspires  with  that  arising  from  the  portal  blood,  and  both  to- 
gether join  in  giving  rise  to  motion  towards  the  ascending  cava. 
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The  Placental  Circulation. — The  umbilical  arteries 
carry  in  their  spiral  courses,  as  they  twist  round  the  umbilical 
vein,  the  effete  blood  of  the  foetus,  and  distribute  it  by  their 
ramifications  to  the  placenta.  In  that  organ  it  is  brought  in 
relation  with  the  arterial  blood  of  the  mother,  which  oxidizes 
it,  becoming  by  that  act  deoxidized  itself.  The  foetal  blood 
now  returns  along  the  ramifications  of  the  umbilical  vein,  and 
finally  is  discharged  from  the  placenta  by  that  single  trunk. 

That  this  is  truly  a  change  similar  to  that  which  is  accom- 
plished in  the  adult  lungs,  is  shown  by  the  circumstance  that 
the  blood  of  the  umbilical  arteries  becomes  brighter  on  its 
passage  into  the  umbilical  vein. 

As  the  venous  blood  of  the  foetus  is  thus  oxidized  by  the  ar- 
terial blood  of  the  mother,  movement  must  of  necessity  ensue 
in  it,  on  the  same  principle  that  it  ensues  in  the  adult  lung,  and 
must  take  place  in  the  same  direction,  that  is  to  say,  from  the 
venous  to  the  arterial  side. 

The  fcetal  circulation  offers  a  very  close  resemblance  to  the 
circulation  of  fishes,  and  is  merely  a  refined  variety  of  that 
type.  The  true  difference  is  that  in  fcetal  life  the  condition 
of  immobility  is  observed.  In  fishes  the  venous  blood  is 
brought  to  the  gills,  and  subjected  in  their  fibrillary  tufts  to 
the  oxidizing  agency  of  the  air  dissolved  in  the  surrounding 
water.  In  these  organs  it  therefore  becomes  arterialized,  and 
is  pushed  into  the  pulmonary  veins.  These  empty  directly 
into  the  aorta,  no  systemic  heart  intervening,  and  the  mecha- 
nical impulse  received  by  the  blood  during  its  oxidation  is 
found  sufficient  to  carry  on  the  aortic  circulation  :  the  heart 
therefore  may  be  and  is  dispensed  with.  A  fish,  by  sponta- 
neously changing  its  position,  or  by  the  mechanical  establish- 
ment of  currents  in  the  surrounding  medium,  can  obtain  new 
surfaces  of  water  for  the  oxidation  of  its  blood ;  but  for  the 
motionless  fcetal  mammalian  a  higher  mechanism  is  required, 
a  mechanism  which  can  bring  the  oxidizing-maternal-arterial 
blood  in  relation  with  the  branchial  or  placental  vessels.  It  is 
true  an  intricate  apparatus  consisting  of  five  different  classes 
of  vessels  is  the  result,  but  the  play  of  that  apparatus  is  pre- 
cisely the  same  as  in  the  simpler  contrivance  of  fishes. 

Of  the  Mechanical  Force  with  which  these  Motions  are  ac- 
complished.— The  force  by  which  these  motions  are  established 
is  not  alone  in  the  proper  direction,  but  also  of  sufficient  in- 
tensity. Some  years  ago  I  made  experiments  with  a  view  of 
establishing  this  point.  Some  of  them  are  inserted  in  the 
Phil.  Mag.  for  Oct.  1838.  I  found  that  water,  under  such 
circumstances  as  are  here  considered,  would  pass  through  a 
piece  of  peritoneum,  though  resisted  by  a  pressure  of  nearly 
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two  atmospheres ;  and  the  same  facts  were  observed  even  in 
the  case  of  gases.  Thus  sulphurous  acid  gas  would  pass 
through  a  piece  of  India  rubber  against  a  pressure  of  seven 
and  one-third  atmospheres;  carbonic  acid  against  a  pressure 
of  ten  atmospheres;  and  sulphuretted  hydrogen,  though  re- 
sisted by  more  than  twenty-four  atmospheres. 

Explanatory  Remarks  on  the  Coagulation  of  the  Blood. — 
When  blood  recently  drawn  is  kept  in  a  vessel  for  a  space  of 
time  it  spontaneously  separates  into  two  well-defined  portions, 
the  one  liquid  and  the  other  a  soft  solid — the  serum  and  the 
clot. 

Physicians  generally  regard  this  as  due  to  the  death  of  the 
blood.  Whilst  it  is  in  the  system  it  is  under  the  influence  of 
the  vital  force;  but  when  removed  it  spontaneously  undergoes 
the  change  in  question,  and,  unable  to  keep  its  primitive  con- 
dition, coagulates  and  dies.  Accordingly  this  partial  solidifi- 
cation of  the  blood  is  looked  upon  as  a  mysterious  phenome- 
non, and  though  from  time  to  time  many  experiments  have 
been  made  and  explanations  offered,  that  which  refers  it  to 
the  presence  or  absence  of  the  vital  principle  appears  to  be 
most  generally  received. 

But  it  is  very  doubtful  whether  any  such  special  power  as 
a  vital  force  exists.  In  the  instance  under  consideration  I 
cannot  comprehend  how  a  loss  of  vitality  in  the  blood  can  in 
any  manner  elucidate  or  indeed  have  anything  to  do  with  the 
fact  of  its  coagulation. 

It  appears  to  me  that  what  occurs  to  the  blood  when  drawn 
is  precisely  the  same  as  that  which  occurs  to  it  continually 
when  in  the  system.  If  its  fibrine  coagulates  in  the  receiving 
cup,  it  tends  equally  so  to  do  in  the  peripheral  circulation.  I 
can  see  no  difference  in  the  two  cases.  And  if  this  be  true, 
it  obviously  is  a  fruitless  affair  to  be  seeking  for  an  explana- 
tion of  a  difference  in  habitudes  in  and  out  of  the  system, 
when  those  differences  in  reality  have  no  existence  in  nature. 
If,  when  blood  flows  into  a  cup,  we  could  by  any  mechanism 
withdraw  the  particles  of  fibrine  as  they  agglutinate  together, 
the  phsenomenon  of  coagulation  would  never  be  witnessed ; 
and  this  is  precisely  the  result  in  the  living  mechanism.  The 
fibrine,  as  it  passes  into  the  proper  condition,  is  removed  by 
a  series  of  events  which  will  be  hereafter  explained.  But 
whether  it  be  in  those  states  which  physiologists  designate 
living  or  dead,  it  exhibits  continually  the  same  tendency. 

When  we  remember  that  the  average  amount  of  fibrine  in 
blood  scarcely  exceeds  one-five-hundredth  part  of  its  weight, 
and  that  this  minute  quantity  is  sufficient,  by  entangling  the 
blood-discs,  to  furnish  so  voluminous  a  clot,  we  have  little 
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difficulty  in  understanding  the  cause  of  the  false  importance 
which  has  been  attached  to  the  fact  of  its  coagulation.  When 
we  also  remember  that  the  phenomenon  is  one  which,  far 
from  taking  effect  instantaneously,  requires  a  considerable 
length  of  time,  and  estimate  duly  the  demand  that  is  made  for 
fibrine  by  the  system  upon  the  blood,  we  shall  have  no  dif- 
ficulty in  perceiving  the  truth  of  the  observation  which  I  thus 
wish  to  bring  into  a  clear  point  of  view, — that  the  tendency 
to  coagulation  in  the  system  is  as  great  as  it  is  out  of  it,  and 
that  the  true  difference  in  the  two  cases  is,  that  in  the  former 
the  resulting  solid  is  taken  up  and  appropriated  to  the  wants 
of  the  oeconomy;  in  the  latter  it  remains  undisposed  of,  and, 
entangling  the  blood-discs  in  its  meshes,  produces  a  volumi- 
nous and  therefore  deceptive  clot. 

It  is  with  this  matter  of  the  coagulation  of  blood  precisely 
as  it  was  formerly  with  putrefaction.  Many  of  the  older  phy- 
siologists defined  a  living  body  as  a  mechanism  having  the 
quality  of  resisting  external  changes.  After  death  its  parts 
were  ultimately  resolved  into  water,  ammonia,  and  carbonic 
acid.  But  better  views  on  these  topics  are  now  entertained, 
and  we  know  that  the  living  body  undergoes  these  putrefactive 
changes  just  as  much  as  the  dead,  but  then  in  it  there  are 
appointed  routes  by  which  the  resulting  bodies  may  escape; 
the  carbonic  acid  through  the  lungs,  the  nitrogenized  com- 
pounds through  the  kidneys,  the  water  through  both  these 
organs  and  the  skin.  It  is  in  this  as  in  the  coagulation  of  the 
blood,  there  is  no  difference  in  the  chemical  changes  taking 
place,  the  difference  consists  in  the  disposal  finally  made  of 
the  resulting  products. 

That  coagulation  tends  to  take  place  equally  in  the  living 
system  as  out  of  it,  there  is  abundant  proof.  What  are  all 
the  muscular  tissues  which  constitute  by  far  the  larger  portion 
of  the  soft  parts,  but  fibrine  which  has  thus  been  separated 
from  the  blood  ?  And  those  muscular  tissues  every  moment 
are  wasting  away,  and  giving  origin  to  the  metamorphosed 
products  that  we  find  escaping  from  the  lungs,  the  kidneys, 
the  liver ;  from  what  source  then  do  they  repair  their  waste, 
if  not  from  fibrine  coagulated  from  the  blood  during  the  act 
of  life?  Every  muscular  fibre  is  a  living  witness  against  the 
doctrine  that  it  is  death  that  brings  on  the  coagulation  of  the 
blood. 

That  the  truth  of  this  view,  which  at  first  sight  may  appear 
indefensible,  may  be  more  clearly  made  out,  let  us  consider 
under  what  circumstances  the  blood  is  placed  whilst  moving 
in  the  system.  We  have  to  remember  that  coagulation  is  not 
an  instantaneous  phenomenon,  but  one  which  requires  a  con- 
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siderable  lapse  of  time.  And  now,  assuming  the  doctrine 
which  I  am  advancing  to  be  true,  there  are  very  obvious  rea- 
sons that  the  blood,  so  long  as  it  moves  in  the  system,  has  its 
tendency  to  coagulate  satisfied  in  a  very  partial  manner.  Let 
us  observe  its  course.  It  leaves  the  left  ventricle  of  the  heart, 
one  pulse-wave  succeeding  another  with  rapidity,  and  is  dis- 
tributed through  all  the  aortic  branches.  It  takes  but  a  few 
seconds  for  this  movement  to  be  complete,  a  period  far  too 
short  to  allow  coagulation  to  take  place ;  it  now  passes  on 
through  the  capillaries,  or  moves  through  parenchymatous 
structures ;  and  here,  even  though  a  great  delay  may  occur, 
inasmuch  as  the  passages  are  so  sinuous  and  often  so  minute 
that  the  discs  can  move  but  in  a  single  file  at  a  time,  how  is 
it  likely,  under  such  circumstances,  that  coagulation  should 
ensue  ?  For  that  to  take  place,  it  is  needful  that  there  should 
be  a  free  communication  throughout  the  mass,  that  each  par- 
ticle of  fibrine  brought  into  relation  with  those  around  it  may 
exert  its  plastic  power  and  join  itself  to  them.  But  in  the 
peripheral  circulation  it  is  isolated,  the  cells  over  which  it  is 
moving,  or  the  narrow  tubes  through  which  it  goes,  protect 
it  from  other  particles  around,  and  on  escaping  into  the  com- 
mencement of  the  venous  trunks,  it  is  hurried  in  the  torrent 
of  the  circulation  at  once  to  the  heart.  Without  delay  the 
right  auricle  and  ventricle  pass  it  forward  to  the  lungs,  and  if 
any  tendency  to  set  had  been  exhibited  during  the  brief  mo- 
ment of  its  passage,  it  is  again  distributed  upon  the  capillaries 
of  the  lungs,  and  is  situated  precisely  as  it  was  when  in  the 
capillaries  of  the  peripheral  system. 

In  this  manner  I  regard  the  coagulation  of  blood  as  a  sim- 
ple mechanical  result,  having  no  connexion  with  life  or  death, 
or  the  fictitious  principle  of  vitality.  At  the  two  extremes  of 
the  circulation,  the  peripheral  and  the  pulmonary,  there  is  a 
sorting  process  continually  going  on.  If  a  man  were  to  agi- 
tate a  quantity  of  this  liquid  in  a  tube,  having  a  contrivance 
at  each  extremity  to  keep  the  particles  of  fibrine  as  they  passed 
apart  from  one  another,  their  plastic  tendency  to  cohere  could 
never  be  satisfied,  and  coagulation  could  never  ensue.  And 
this  condition  of  things  is,  to  a  certain  extent,  approximated 
to  in  the  mechanism  of  the  body. 

It  thus  appears  that  by  the  intervention  of  two  capillary 
circulations,  one  in  the  lungs  and  the  other  in  the  system,  the 
coagulation  of  blood  must  be  greatly  retarded,  though  the 
tendency  to  produce  that  result  is  quite  as  great  as  when  the 
fluid  is  removed  from  the  system.  And  with  such  an  obvious 
explanation  before  us,  why  should  we  resort  to  any  occult 
agency,  or  envelope  the  phaenomenon  in  mystery,  when  it  is 
plainly  a  mechanical  affair  ? 
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Physiologists  have  never  given  a  full  value  to  the  facts,  that 
the  setting  of  the  blood  requires  time  and  a  free  communica- 
tion through  all  parts  of  the  fluid  mass.  If  it  be  subjected 
incessantly  to  a  mechanism  which  divides  it  into  portions  of 
inconceivable  tenuity,  and  every  moment  isolates  each  particle 
from  all  its  fellows,  its  coagulation  must  be  greatly  restrained. 
It  is  upon  the  same  principle  that  the  expressed  juices  of  car- 
rots and  turnips  deposit  a  fibrinary  clot,  as  M.  Liebig  and 
others  have  observed.  Whilst  they  are  enveloped  in  the  cells 
of  those  vegetables  coagulation  cannot  take  place,  for  each 
granule  of  fibrine  is  shut  out  from  the  others.  What  need  is 
there  to  resort  to  a  vital  principle  to  explain  for  the  human 
ceconomy  a  result  which  equally  obtains  in  the  case  of  those 
humble  plants,  or  why  with  some  physiologists  impute  to  the 
nervous  system  the  quality  of  maintaining  fluidity  in  the  blood? 
These  vegetables  have  no  nerves. 

The  application  of  the  principles  here  set  forth  furnishes  a 
very  felicitous  explanation  of  a  great  number  of  effects  which 
we  witness,  to  some  of  which  I  may  briefly  refer.  It  is  well 
known  that  after  ordinary  death,  whilst  the  arteries  are  empty, 
the  systemic  veins  and  also  the  right  cavities  of  the  heart  are 
full  of  venous  blood.  The  reason  is  clear,  although  the  ordi- 
nary theory,  that  the  heart  acts  like  a  pumping  machine,  fails, 
as  is  well  known,  to  explain  it.  As  long  as  arterial  blood  is 
deoxidizing  it  will  move  to  the  venous  side,  a  movement  which 
must  continue  until  the  arteries  are  empty. 

But  it  may  be  asked,  why  do  not  the  right  auricle  and  ven- 
tricle relieve  the  veins,  and  by  their  hydraulic  action  in  the 
last  moments  of  life  push  the  accumulating  blood  through  the 
pulmonary  system  ?  Again  the  reason  is  clear.  Movement 
through  the  lungs  cannot  take  -place  except  when  oxidation  is 
going  on.  The  systemic  capillaries  continuing  their  action 
long  after  the  last  breath  is  drawn,  they  make  the  blood 
accumulate  in  the  veins,  and  from  them  there  is  no  escape. 

In  the  same  way,  in  fainting,  the  blood  leaving  the  arteries 
accumulates  on  the  venous  side,  and  as  its  flow  is  dependent 
on  the  push  of  the  arterial  blood  entering  the  capillaries,  so 
soon  as  no  more  enters  no  pressure  is  exerted  on  the  venous 
trunks,  and  if  a  vein  is  opened  there  is  no  discharge,  and 
under  such  circumstances  hemorrhages  at  once  stop. 

After  ordinary  death,  although  the  systemic  arteries  are 
empty,  the  pulmonary  artery  is  full.  That  this  should  be  the 
case  is  indicated  upon  our  principles,  for  the  blood  cannot 
pass  from  the  terminal  ramifications  of  the  pulmonary  artery 
into  the  veins  except  by  being  oxidized.  Respiration  having 
ceased  oxidation  cannot  take  place,  the  movement  is  checked, 
and  the  blood  remains  in  the  artery. 
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In  a  paroxysm  of  asthma  the  lungs  become  obstructed  with 
mucous  secretions,  and  the  rapidity  of  oxidation  is  therefore 
interfered  with.  Under  such  circumstances  the  passage  of  the 
blood  is  retarded,  as  is  shown  by  the  great  dilatation  of  the 
jugular  veins. 

Whatever  therefore  deranges  the  process  of  oxidation  de- 
ranges the  flow  of  the  blood.  In  violent  expirations,  such  as  in 
coughing,  the  observations  of  Haller  show  that  the  blood 
moves  tardily  in  the  lungs,  and  in  delicate  persons  its  retar- 
dation is  so  complete  that  it  regurgitates  in  the  great  veins. 

In  a  violent  and  continuous  explosion  of  laughter,  the 
jugular  veins  become  excessively  distended ;  the  right  cavities 
of  the  heart  having  no  power  to  push  the  venous  blood  through 
the  pulmonary  capillaries,  and  owing  to  the  expulsion  of  air 
from  the  air-cells,  the  blood  itself  fails  to  effect  the  passage 
with  its  usual  speed.  In  this  instance  it  must  again  accumu- 
late in  the  veins. 

The  various  cases  here  cited  depend  on  retarded  oxidation. 
I  might  now  consider  the  reverse  of  this,  or  where  oxidation 
goes  on  too  rapidly,  as  when  protoxide  of  nitrogen  is  breathed. 
Owing  to  the  great  solubility  of  this  gas  in  serum,  and  its 
power  of  supporting  combustion,  we  should  expect  to  find  it 
exert  that  control  over  the  circulation  which  is  well  known  to 
be  one  of  its  peculiarities.  This  paper  is  however  extended 
to  so  great  a  length,  that  here  I  must  stop,  though  I  have 
made  no  allusion  to  the  movements  in  the  lymphatics  or  lac- 
teals,  or  to  the  flow  of  sap  in  trees,  or  to  the  circulatory  move- 
ments of  the  lower  animals.  These  can  all  be  explained  upon 
the  same  principle;  thus  the  descent  of  the  sap  follows  as  a 
necessary  consequence  of  the  decomposition  of  carbonic  acid 
in  the  leaf.  Nor  have  I  said  anything  of  the  obvious  control 
which  certain  classes  of  nerves  have  over  the  systemic  oxida- 
tion. There  are  many  facts  which  prove  that  the  nervous 
system  regulates  this  operation,  and  can  either  facilitate  it  or 
keep  it  in  check.  In  this  there  is  nothing  extraordinary.  A 
piece  of  amalgamated  zinc  exhibits  no  tendency  to  oxidize  in 
acidulated  water,  but  by  the  touch  of  si'ver  or  platina  it  is 
made  to  submit  itself  to  the  action  of  that  medium.  The  act 
of  blushing,  and  all  local  inflammations,  show  that  changes 
in  the  relations  of  the  nervous  system  control  the  oxidizing 
action  of  arterial  blood ;  but  to  these  things  I  propose  to  re- 
turn on  a  future  occasion.  What  is  here  stated  is  sufficient 
to  illustrate  the  general  principle  to  which  I  wish  to  draw  at- 
tention, that  the  chemical  changes  which  are  impressed  on  these 
circulating  fluids  are  the  true  causes  of  their  flow. 
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XXXIV.  On  the  Existence  of  Finite  Algebraic  Solutions  of  the 
general  Equations  of  the  Fifth,  Sixth,  and  Higher  Degrees*. 
By  James  Cockle,  M.A.,  Cantab. ;  Special  Pleader-f. 

7.   \\T  HEN  y  -  A'  xx'  +  A"  xx"  +  .  .  +  Axi.rxXi    .     .     (n.) 

*V      and             $rm*M-.*Al *  & 

hv  and  A2  having  the  forms  of  the  quantities  squared  in  (b.)  J, 
what  is  the  limit  of  n? 

8.  Make            3YM  =  /*13+j'A'  +  3L" (p.) 

then§                      j'  =  J?}  +  Ji2)  +  &c; (q.) 

but  Ja2)  =  0  and  A",  A'",  disappear  from  j',  if] J 

y  =  A!xx'  +  L"  +  Liv  +  Lv  +  ...  +  L»     .     .  (r.) 

and                I/»=A»  (**"-*=.  **''') (s.) 

So,                    £''  =  /*23+y'A''  +  l- (t.) 

9.  Let  yr  =  Lf  8*  +  Z/»  (*f  -  &  *f )  +  I,  .  .  (u.) 
1„  =  0,  L  =  A  -f  /,  and  Z  =  a  constant,  then^f, 

o=y  =  [i1.u_1]i2t 

o=j"=[l1.lw_1]22k («.) 

0  =  liv=[l1.lra_1]3  J 

.*.  «  —  1  >  3,  or  7i  >  4-.      .     .     .     .     .     (v.) 

10.  Again,  j'  —  0  is  equivalent  to** 

y*  Aiv  +  .  -f-  yxi  Axi     =  0-j 
y*A"+.  +  yxiAxi     =0  I 

yfiA™ +  .  +  yxiAxi=  0  ['      '  K    ' 

7fAx  +  yfAxi  =  0j 

j"  =  0,  on  eliminating  A2r+1,  toft 

-y^+.+^A-^Ol 

viay9Aa  +  xy2Ax      =  Oj  '  '     *     '  K7'' 

liv  =  0,  on  eliminating  Avi,  Ax,  to  J  J 

wyi  Aiv  +  viUy  Aviii  =  0 (8.) 

*  See  my  presumed  solution  of  the  equation  of  the  fifth  degree,  at  page 
125  of  the  last  volume  of  this  Magazine.  I  there  used  the  ratios  zu  z2 . . . 
of  the  quantities  A',  A",  ..  to  one  of  their  number,  but  have  here  employed 
other  ratios,  or,  more  properly  speaking,  the  quantities  themselves. — J.  C. 

f  Communicated  by  the  Author.  J  Phil.  Mag.,  this  vol.,  p.  132. 

§  Ibid.  S.  3.  vol.  xxvii.p.  126.  j|  Ibid.  p.  293  (16.). 

IT  Ibid.  p.  126,  note  J,  and  this  vol.,  p.  132,  par.  2. 

**  Phil.  Mag.  S.  3.  p.  126,  line  9.  ff  Ibid.  (/.)  and  (g.) 

XX  Ibid,  ifi.) 
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1 1.  Let*  Liv  +  Lvi  +  . .  =  ;/0+/,  x+  .  +p\n^  xn~\  (w.) 
tkenf,  ivSxi.L=(l+^)(//0  +  ..)  +  .  +  ?„_2^-2;  .  (x.) 
and  we  have,  in  general,  n  quantities  1  +  p,  q^  . ,  qn~%  to  sa- 
tisfy 3  homogeneous  equations  0  =  j'  —  j"  =  liv,  or,  n  quan- 
tities p'wP'i)  .,2^n-\  lo  satisfy  3  other  homogeneous  condi- 
tions (y.)  and  (8.),  using  the  former  n  quantities  to  satisfy  the 
group  ((3.),  non-homogeneous  with  respect  to  them;  hence 

rc>3.       ........     (y.) 

12.  (v.)  and  (y.)  are  not  inconsistent,  for,  if 

A    -  l   Al  _  n~r  +  m  /_  i 

^"^A^-      nm m 

and 

rY'n  =pr  —  A1;jr-1?i  +  A2pr_2p12+  .  •  -^ — %-iK>  (aa-) 

then  this  accented  value  of  Y  is  a  critical  value  from  which 
7;o»  %">'•'  disappear,  and,  since  (2.)  and  (3.):j:  are  respect- 
ively 

3Y'5  =  0,and4Y'5--i-2Y5'2  =  0,    .     .     .     (ab.) 

my  solution  would  fail  if  n  —  1  were  <  4.  Hence,  for  all  cri- 
tical functions  (y.)  degenerates  into  (v.) ;  and,  after  solving 
critical  equations,  we  shall  have  quantities  ^/0,  q0 .  .  left  for  sa- 
tisfying (other)  conditions  whose  degrees  are  unaffected  by 
our  previous  operations. 

13.  However  numerous  might  be  the  groups  (/3.),  (y,), 
(8.),  or  the  relations  forming  those  groups,  it  would  seem  that 
some  of  the  A's  being  lost  at  each  descending  step,  the  limit 
will  not  be  proportionally  elevated.     We  may  make 

2r  =  (l+i>)('-%-1  +  ..  +  ?Ll2*n-2,       .     .     (ac.) 

for  the  A's  introduced  as  we  ascend  the  groups. 

14.  A'  and  A"  will  introduce  new  values  of  1  +p  and  q  into 
the  (now  to  be  combined)  equations  (2.)  and  (3.),  or  (ab.),  but, 
as  it  appears  to  me,  no  new  difficulty.  The  y's  may  be  de- 
rived from  the  t's§,  and  from  each  other  by  one  operation  0, 
and  if 

y  =  ©  (T),  then  y  =  0  (y),  &c.       ...     (ad.) 

Grecian  Chambers,  Devereux  Court,  James  Cockle,  Jun. 

January  31,  1846. 

*  See  Sir  W.  R.  Hamilton's  "  Inquiry,  &c."  into  Mr.  Jerrard's  method 
(Sixth  Report  of  the  British  Association)  from  [4.]  p.  301  to  line  9  of 
p.  304. 

f  Ibid.  p.  303.  |  Ph'l.  Mag.  S.  3.  vol.  xxvii.  p.  125. 

§  Ibid.  pp.  292,  S>93. 
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XXXV.  On  some  Nexv  Species  of  Animal  Concretions. 
By  Thomas  Taylor,  Surgeon. 

[Continued  from  p.  46.] 

Resino-bezoardic  Acid  Calculi. 

T^ERY  shortly  after  commencing  the  examination  of  the 
*  calculi  in  the  College  collection,  my  attention  was  drawn 
to  several  concretions  which  possessed  the  easy  fusibility  and 
genei'al  characters  of  a  resin,  and  which  were  described  in 
the  MS.  Catalogue  as  "  false  West  Indian  Bezoars,"  on  the 
supposition  that  they  were  artificial  compounds.  The  peculiar 
characters  however  of  the  resin  of  which  they  consisted,  and 
their  finely  laminated  structure,  which  it  would  be  impossible 
to  imitate,  left  no  doubt  on  my  mind  of  their  being  genuine 
bezoars,  and  in  January  1841  I  described  them  to  the 
Museum  Committee  as  consisting  of  a  vegetable  resin,  derived 
most  probably  from  the  resinous  juices  of  the  plants  on  which 
the  wild  goats  of  the  East  had  fed.  In  the  same  year  a  very 
interesting  paper  appeared  in  the  Annalcn  der  Cliemie  und 
Pharmacie,  by  M.  Goebel,  describing  a  new  species  of  calculus 
which  he  had  found  in  the  Zoological  Museum  at  Dorpat, 
and  to  which,  on  the  supposition  of  its  being  a  biliary  con- 
cretion, he  gave  the  name  of  lithofelU.iic  acid.  A  similar  cal- 
culus from  the  Pathological  Museum  at  Gottingen  was  shortly 
after  examined  by  Professor  Wohler. 

The  similarity  in  chemical  characters  of  the  concretions  ex- 
amined by  these  chemists  with  the  resinous  concretions  pre- 
viously examined  by  myself,  rendered  it  certain  that  they 
were  identical  in  composition;  but  as  it  was  important  to  de- 
termine whether  they  were  biliary  calculi  or  simply  intestinal 
concretions,  derived  from  the  materials  of  the  food,  I  repeated 
at  some  length  my  experiments,  but  without  coming  to  any 
other  conclusion  than  that  formerly  expressed.  The  reasons 
which  have  induced  me  therefore  to  place  the  calculi  among 
the  intestinal  calculi  in  the  College  Catalogue  are  as  follows. 

In  the  first  place,  the  greater  number  of  them  contain,  as 
the  subjoined  analysis  will  show,  a  small  quantity  of  a  soft 
viscid  resin,  resembling  a  vegetable  balsam. 

Secondly.  They  resemble  all  other  concretions  formed  in 
the  intestines,  by  having  a  foreign  body,  as  a  piece  of  wood 
or  a  seed,  for  their  nucleus. 

Thirdly.  They  frequently  attain  a  very  large  size,  quite 
inconsistent  with  the  notion  of  their  being  biliary  concretions, 
or  having  been  contained  in  the  gall-bladder.  There  is  one 
specimen  in  the  Museum  which  measures  three  inches  and  a 
half  in  length,  and  the  same  in  its  greatest  breadth.     This 
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calculus  is  of  a  rude  triangular  figure;  it  has  evidently  been 
accompanied  by  other  calculi,  as  both  of  its  extremities  possess 
the  smooth  depressed  surfaces  found  in  concretions  which 
have  been  in  contact  with  others.  Another  specimen,  of  an 
oval  figure,  is  four  inches  in  length  by  three  in  breadth. 
Against  the  notion  that  these  concretions  may  have  been 
formed  from  the  natural  or  the  altered  constituents  of  the  bile 
concreting  around  foreign  bodies  in  the  intestines,  it  may  be 
remarked  that  we  have  no  other  instance  of  a  biliary  calculus 
being  so  formed*.  The  large  biliary  concretions  which  are 
sometimes  passed  pei-  anum  by  the  human  subject,  have  un- 
doubtedly received  no  increase  in  bulk  while  in  the  intestine, 
but  have  made  their  way  into  the  intestine  either  through  an 
ulcerated  opening  or  through  the  dilated  biliary  duct,  which 
is  capable  of  undergoing  dilatation  to  a  much  greater  extent 
than  is  generally  imagined. 

The  circumstance  of  the  Oriental  Bezoar  being  composed 
of  a  vegetable  acid,  as  I  have  shown  in  a  former  paper,  toge- 
ther with  the  assertion  of  most  Oriental  travellers,  that  the 
resinous  concretions  are  found  in  the  stomach  of  the  animal 
(not  a  very  likely  spot  for  a  biliary  calculus),  adds  consider- 
able weight  in  favour  of  their  vegetable  origin.  It  is  however 
right  to  state  that  I  have  not  been  able  to  detect  the  presence 
of  resino-bezoardic  acid  in  several  of  the  known  resins.  Our 
acquaintance  with  these  substances  is  however  so  limited  that 
it  would  require  a  very  extended  series  of  experiments  to  de- 
termine this  question  in  the  negative.  In  its  chemical  rela- 
tions, resino-bezoardic  acid  closely  resembles  the  pimaric 
acid  of  M.  Laurent,  which  that  excellent  chemist  has  recently 
shown  to  be  the  natural  acid  of  the  fir.  This  fact,  coupled 
with  the  circumstance  that  the  calculi  are  not  very  uncommon, 
and  that  vast  forests  of  pines  abound  in  the  regions  inhabited 
D)' tne  goats,  render  it  not  improbable  that  this  resin  is  derived 
from  some  of  the  fir  tribe.  As  the  term  lithqfellinic  acid  gives 
therefore  an  erroneous  idea  of  the  origin  of  these  concretions, 

T        1  1  • 

I  have  ventured  to  substitute  that  of  resino-bezoardic  acid, 
which  does  not  differ  materially  from  that  of  "resine  animale 
bezoardique"  given  to  them  by  Fourcroy.  This  name  will  also 
serve  to  identify  the  circumstances  under  which  it  was  first 
discovered,  should  its  natural  source  be  hereafter  ascertained. 

*  Ambergris  perhaps  forms  an  exception  to  this  statement.  This  sub- 
stance is  found  in  the  intestines  of  the  Spermaceti  Whale,  or  floating  on  the 
sea.  In  the  Catalogue  I  have  placed  it  among  intestinal  concretions,  al- 
though T  have  pointed  out  at  the  same  time  that  it  is  a  biliary  product; 
its  principal  constituent,  ambreine,  bearing  the  same  relation  to  the  bile  of 
the  Whale  as  cholesterine  does  to  that  of  Man. 
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Resino-bezoardic  acid  calculi  are  usually  of  an  oval  figure. 
Their  external  surface  is  smooth  and  polished,  and  has  gene- 
rally a  greenish  yellow,  green,  or  a  light  brown  colour.  They 
are  made  up  of  thin  concentric  layers,  which  are  frequently 
of  a  deeper  tint  than  the  exterior.  In  the  centre  of  the  cal- 
culus some  foreign  body  is  invariably  found  which  forms  the 
nucleus.  These  calculi  are  exceedingly  brittle ;  the  fracture 
is  conchoidal,  and  has  a  resinous  lustre.  They  vary  con- 
siderably in  size,  but  are  usually  larger  than  the  ellagic  acid 
species.  One  specimen  in  the  Museum  measures  nearly  ten 
inches  in  circumference,  They  melt  like  resin  in  the  flame 
of  a  candle,  and  when  more  highly  heated,  give  off  white  va- 
pours, which  have  an  aromatic  odour,  catch  fire,  burn  with  a 
brilliant  flame,  and  leave  behind  a  small  shining  carbonaceous 
ash. 

Resino-bezoardic  acid  calculi  readily  dissolve  in  alcohol, 
with  the  exception  of  a  small  quantity  of  flocculent  matter. 
The  alcoholic  solution  varies  in  colour  in  different  calculi,  but 
is  usually  of  a  red  or  greenish-red  tint.  The  solution  gradu- 
ally deposits  small  crystals,  which,  when  examined  by  the 
microscope,  are  seen  to  consist  of  low  six-sided  prisms  with 
flattened  extremities.  When  the  alcoholic  solution  is  mixed 
with  water  the  resin  is  thrown  down.  The  precipitate  appears 
under  the  microscope  in  the  form  of  small  crystalline  tufts. 

Digested  in  solution  of  potass  these  calculi  readily  dissolve, 
the  solution  is  of  a  brownish  green  colour,  and  when  neutral- 
ized by  an  acid,  a  thick  curdy  precipitate  is  produced,  which 
by  agitation  adheres  together,  and  while  warm  may  be  kneaded 
between  the  fingers  or  drawn  into  threads  like  cobbler's-wax. 
The  viscidity  of  this  precipitate  is  owing  to  another  resinous 
matter  which  the  calculi  contain ;  for  the  pure  resino-bezoardic 
acid  similarly  treated  forms  an  amorphous  precipitate  which 
cannot  be  made  to  adhere  together.  They  dissolve  in  solu- 
tions of  ammonia  and  its  carbonate.  In  concentrated  sulphuric 
acid  they  also  dissolve.  The  solution  is  of  a  red  colour,  and 
is  rendered  turbid  by  the  addition  of  water.  The  precipitate 
is  not  crystalline,  like  that  from  its  solution  in  alcohol,  but 
consists  of  minute  transparent  yellow  particles.  Nitric  acid 
acts  with  energy  upon  these  calculi,  nitrous  acid  is  evolved, 
and  a  light  red  solution  is  formed,  which  quickly  becomes 
yellow. 

Analysis. 

About  400  grains  were  reduced  to  a  fine  powder,  mixed 
with  distilled  water,  and  subjected  to  distillation  in  a  glass 
retort  until  about  two  ounces  had  passed  over.     The  distilled 
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liquid  was  quite  transparent,  and  possessed  the  peculiar  aro- 
matic odour  of  the  calculus,  but  no  volatile  oil  could  be  de- 
tected. The  powder  was  separated  from  the  rest  of  the  water 
by  filtration,  and  dried  at  200°  Fahr.  It  was  dissolved  in 
twelve  ounces  of  boiling  alcohol.  The  solution  was  of  a 
bright  red  colour  when  viewed  by  transmitted  light,  and  had 
a  greenish  tinge  by  reflected  light;  with  the  exception  of  a 
small  quantity  of  flocculent  matter  it  was  quite  transparent. 

In  order  to  separate  the  insoluble  matter,  the  liquid  while 
still  hot  was  filtered,  and  the  matter  on  the  filter  washed  with  a 
fresh  portion  of  alcohol  and  dried.  This  matter  was  of  a  dirty 
brown  colour,  with  a  shade  of  green.  It  was  when  quite  dry 
rather  soft,  so  as  to  admit  of  being  moulded  between  the  fin- 
gers. When  heated  on  platina  foil  it  did  not  fuse,  but  soft- 
ened, caught  fire,  and  burnt  briskly,  emitting  at  the  same  time 
the  odour  of  heated  Indian  rubber.  It  was  insoluble  in  water, 
either  hot  or  cold.  v 

That  this  substance  was  not  caoutchouc,  was  shown  by  its 
not  being  dissolved  or  softened  when  acted  upon  by  absolute 
aether  or  oil  of  turpentine.  A  solution  of  caustic  potass  ex- 
tracted some  of  its  colour,  but  did  not  appear  to  dissolve  it. 
The  exact  nature  of  this  matter  I  am  unable  to  decide ;  its 
vegetable  nature  is  rendered  probable  by  the  total  want  of  any 
animal  odour  while  burning.  It  amounted  to  about  two  per 
cent. 

The  filtered  alcoholic  solution  became  slightly  turbid  on 
cooling;  after  standing  a  short  time  small  crystals  were  de- 
posited, and  a  crystalline  crust  formed  upon  its  surface.  Some 
of  the  crystals  when  examined  by  the  microscope  had  the  form 
of  very  regular  six-sided  plates,  and  others  that  of  six-sided 
prisms.  When  a  drop  of  the  liquid  was  allowed  to  evaporate 
on  a  glass  plate,  and  the  residue  examined  by  the  microscope, 
crystals  were  formed,  whose  figure  was  not  very  distinct,  but 
appeared  to  be  that  of  a  six-sided  prism  lying  on  its  side; 
occasionally  a  six-sided  plate  was  also  visible. 

The  liquid  was  put  into  a  retort,  and  about  two-thirds  of 
its  bulk  distilled  over.  It  was  transparent  while  hot,  but  on 
cooling  deposited  an  abundant  crop  of  small  crystals.  These 
crystals  had  the  form  of  three-sided  plates ;  when  carefully 
fused  upon  a  slip  of  glass,  they  were  converted  into  six-sided 
plates. 

The  crystals  obtained  at  different  times  were  purified  by 
being  repeatedly  crystallized  from  their  alcoholic  solution, 
which  removed  nearly  the  whole  of  their  colouring  matter. 
They  possessed  all  the  characters  of  the  lithofellinic  acid  of 
Professor  Goebel,  and  constituted  the  bulk  of  the  calculus. 

P2 
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The  mother-liquor  was  mixed  with  water,  when  a  precipitate 
separated  which  by  agitation  was  converted  into  a  viscid  tur- 
pentine-looking substance  that  adhered  to  the  sides  of  the 
glass.  When  a  drop  of  the  mother-liquor  was  evaporated  on 
a  glass  plate,  very  few  crystals  could  be  detected,  but  a  great 
number  of  thick,  viscid  oily-like  drops :  by  heating  the  glass 
vapours  arose,  and  a  hard  uncrystalline  resin  was  left.  When 
the  alcoholic  solution  of  the  crystals  was  mingled  with  water, 
a  crystalline  precipitate  was  thrown  down,  which  beneath  the 
microscope  appeared  in  the  form  of  small  irregularly-shaped 
prisms,  arranged  in  stellate  groups.  This  difference  in  the 
character  of  the  two  precipitates  appeared  to  indicate  that  the 
mother-liquor  contained  either  a  volatile  oil  or  some  soft  resin 
in  addition  to  the  crystalline  resin  previously  described.  To 
determine  this  question  the  whole  was  placed  in  a  retort,  and 
submitted  to  distillation ;  the  spirit  came  over  quite  free  from 
any  essential  oil,  merely  retaining  the  peculiar  odour  of  the 
calculus:  the  last  portions  smelt  much  stronger,  and  were 
slightly  turbid.  The  precipitate  had  melted  and  formed  a 
deep  red  oil,  which  adhered  to  the  sides  of  the  retort;  when 
cold  it  was  soft  and  ductile  between  the  fingers.  It  was  readily 
soluble  in  solutions  of  potass  and  ammonia,  the  solutions 
were  rendered  milky  by  the  addition  of  an  acid,  but  no  pre- 
cipitate fell.  The  milky  liquor  when  examined  by  the  micro- 
scope gave  the  appearance  of  oily  globules.  The  soft  resin 
remaining  in  the  retort  was  now  divided  into  two  portions; 
to  the  one  solution  of  ammonia  was  added,  and  to  the  other 
aether. 

The  ammoniacal  solution  was  perfectly  clear  and  of  a  bright 
red  tint ;  it  was  neutralized  by  muriatic  acid,  a  viscid  preci- 
pitate separated,  which  was  collected  together,  washed,  broken 
into  fragments,  and  put  into  a  glass  tube  together  with  aether. 
It  only  partially  dissolved,  and  after  standing  some  days  six- 
sided  prisms  were  found  adhering  to  the  tube,  the  aethereal 
solution  was  evaporated,  and  a  resinous  matter  more  fusible 
than  the  former  was  left. 

That  portion  of  the  soft  resin  which  had  been  digested 
with  cold  aether  did  not  entirely  dissolve,  but  left  some  cry- 
stals of  resinous  matter  undissolved ;  the  aethereal  solution 
was  evaporated,  and  the  residue,  which  was  quite  similar  to 
that  which  had  been  previously  treated  with  ammonia,  was 
mixed  with  it  and  both  dissolved  in  alcohol,  sp.  gr.  0'84;0. 
The  tincture  was  set  aside  for  some  weeks ;  only  a  small 
quantity  of  crystalline  matter  was  deposited,  together  with  a 
little  soft  resin ;  it  was  therefore  distilled,  and  the  residue 
again  treated  with  absolute  aether,  in  which,  with  the  excep- 
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tion  of  a  very  small  quantity  of  resin,  it  entirely  dissolved. 
On  distilling  off  the  aether  a  semi-fluid  viscid  balsam  of  a 
dark-red  colour  was  left,  which  did  not  solidify  at  the  tempe- 
rature of  the  air,  and  acquired  a  pellicle  on  its  surface  by  ex- 
posure to  air.  When  heated  a  portion  of  it  was  volatilized, 
giving  off  at  the  same  time  the  odour  of  melted  caoutchouc. 
It  readily  caught  fire  and  burnt  brightly ;  its  combustion  was 
unaccompanied  by  the  slightest  trace  of  the  odour  given  out 
by  animal  matter.  It  readily  dissolved  in  caustic  potass,  and 
the  addition  of  an  acid  threw  it  down  unchanged:  it  possessed 
a  biting  acrid  taste,  felt  particularly  about  the  fauces ;  by  ex- 
posure to  the  air  it  became  a  hard  resin. 

When  submitted  to  distillation  in  a  small  tube  retort,  no 
oil  passed  over  until  the  resin  had  acquired  a  temperature  at 
which  it  began  to  decompose,  when  an  empyreumatic  oil 
came  over :  the  quantity  submitted  to  distillation  was,  how- 
ever, too  small  to  render  the  experiment  quite  satisfactory. 

The  only  conclusions  that  can  be  drawn  from  this  analysis 
are,  that  the  principal  constituent  of  the  calculus  is  a  vege- 
table resin,  which  is  characterized  by  crystallizing  in  the  form 
of  six-sided  prisms;  that  it  is  accompanied  by  a  small  quantity 
of  a  soft  resin,  probably  containing  volatile  oil ;  that  in  ad- 
dition to  these  it  contains  some  other  substances,  as  colouring 
and  extractive  matter,  the  precise  nature  of  which  it  is  impos- 
sible to  determine,  but  which  are  doubtless  also  of  vegetable 
origin. 

M.  Goebel  detected  in  the  concretion  examined  by  him  a 
small  quantity  of  the  colouring  matter  of  the  bile.  In  no  one 
of  the  concretions  examined  was  I  able  to  satisfy  myself  of  the 
presence  of  that  substance.  It  is  probably  therefore  only  an 
accidental  constituent.  Its  presence  is  however  no  proof  of 
their  biliary  origin,  since  the  colouring  matter  and  other  con- 
stituents of  the  bile  are  frequently  found  in  hair-balls  and 
other  concretions  known  to  be  formed  in  the  intestine. 

Resino-bezoardic  acid,when  freed  from  the  other  substances 
with  which  it  is  mixed  in  the  calculus,  possesses  the  following 
properties  : — It  slowly  dissolves  in  cold  alcohol,  more  rapidly 
in  hot;  according  to  Goebel,  one  part  of  resino-bezoardic 
acid  requires  29"4  of  alcohol  to  dissolve  it  at  68°  of  Fahren- 
heit and  6*5  of  boiling  alcohol ;  in  cold  aether  it  is  very  spa- 
ringly soluble,  444<  parts  being  required,  but  only  47  when 
boiling.  Its  alcoholic  solution  has  an  acid  reaction,  and  the 
resin  is  slowly  deposited  from  it  in  the  form  of  short  six-sided 
prisms.  The  crystals  are  exceedingly  small ;  they  have  ge- 
nerally a  yellow  tint,  but  may  be  obtained  quite  colourless  by 
previously  digesting  the  alcoholic  solution  with  animal  char- 
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coal :  they  are  hard,  brittle,  and  easily  reduced  to  powder,  in- 
odorous, and  have  a  bitter  resinous  taste ;  their  summits  are 
generally  quite  flat,  but  are  sometimes  bevelled  at  their  edges. 
Three-sided  prisms  are  occasionally  deposited,  which  appa- 
rently result  from  an  extension  of  each  alternate  face  of  the 
six-sided  prism. 

The  crystallized  acid  fuses  at  4-01°  Fahrenheit,  and  when 
not  heated  beyond  that  temperature  becomes  on  cooling  an 
opake  crystalline  mass.  If  the  fused  acid  be  heated  only  a 
few  degrees  above  401°  Fahrenheit,  it  forms  when  cold  a  trans- 
parent glass,  without  the  slightest  trace  of  crystalline  struc- 
ture :  when  alcohol  is  poured  over  the  fused  mass  a  number 
of  minute  cracks  are  suddenly  formed,  which  possess  consider- 
able regularity.  If  a  thin  layer  of  alcohol  is  allowed  to  re- 
main over  it,  the  whole  is  quickly  converted  into  an  aggre- 
gated mass  of  regular  crystals.  The  most  remarkable  circum- 
stance is  that  the  melting-point  of  the  vitreous  or  amorphous 
resino-bezoardic  acid  is  nearly  180°  lower  than  that  of  the 
crystallized  acid,  Prof.  Wbhler  having  determined  that  the 
crystallized  acid  melts  at  400°  Fahrenheit,  while  the  amor- 
phous fuses  at  a  temperature  between  220°  and  230°  Fahren- 
heit. In  this  respect  resino-bezoardic  acid  resembles  sugar, 
sulphur,  amygdaline  and  silvic  acid ;  all  of  which  bodies  have 
two  distinct  fusing-points,  according  as  they  are  either  in  a 
crystalline  or  amorphous  state  :  this  property  Wohler  believes 
to  be  possessed  by  all  dimorphous  bodies.  The  above  fact 
may  be  readily  observed  in  the  following  manner,  which  serves 
as  a  very  characteristic  test  of  resino-bezoardic  acid.  Let  a 
few  grains  of  the  powdered  resin  be  strewed  over  a  thin  slip 
of  glass  and  held  over  the  flame  of  a  candle  until  a  portion 
only  of  the  resin  is  melted :  if  the  edges  of  the  semi- fused 
portion  be  examined  by  the  microscope  groups  of  very  regu- 
lar six-sided  plates  are  seen ;  the  perfectly  fused  portion  is 
glassy  and  devoid  of  crystalline  structure.  This  test  does  not 
always  succeed  with  the  raw  calculus,  owing  to  the  foreign  sub- 
stances which  it  contains.  When  heated  beyond  its  melting- 
point  this  acid  gives  off*  white  vapours,  which  have  an  aro- 
matic odour ;  it  finally  catches  fire  and  burns  like  resinous 
bodies  in  general. 

Resino-bezoardic  acid  is  insoluble  in  water  and  muriatic 
acid.  It  is  thrown  down  from  its  alcoholic  solution  by  water 
as  a  white  precipitate,  which  under  the  microscope  appears  in 
the  form  of  small  prismatic  crystals  arranged  in  stellate  groups. 
It  is  readily  soluble  in  a  solution  of  potass,  soda,  ammonia, 
and  carbonate  of  ammonia,  and  is  precipitated  on  the  addi- 
tion of  an  acid.     The  precipitate  at  first  forms  a  dense  white 
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coagulum,  but  shortly  becomes  pulverulent ;  when  examined 
by  the  microscope  it  is  not  crystallized,  but  consists  of  minute 
transparent  amorphous  particles.  It  melts  at  220°  Fahren- 
heit, and  is  evidently  the  amorphous  state  of  the  acid. 

When  the  potass  solution  is  evaporated  a  transparent 
gummy  mass  is  left,  which  is  insoluble  in  solution  of  potass, 
but  dissolves  in  pure  water.  When  the  potass  solution  is 
concentrated  by  boiling,  the  compound  of  the  resin  and  alkali 
separates  from  the  liquid  and  swims  on  its  surface  ;  when  cold 
it  forms  a  hard  yellowish  mass  like  resin,  which  dissolves  in 
aether,  alcohol  and  water.  When  the  ammoniacal  solution  of 
this  acid  is  evaporated,  the  resin  separates  unaltered.  Nitric 
acid  decomposes  this  acid ;  nitric  oxide  gas  is  evolved,  and  a 
beautiful  red  solution  formed,  which  quickly  becomes  yellow. 

Concentrated  sulphuric  acid  dissolves  the  resino-bezoardic 
acid :  the  resin  is  precipitated  unaltered  on  the  addition  of 
water  in  the  amorphous  state. 

3'777  grs.  of  the  crystallized  acid,  which  had  been  rendered 
perfectly  colourless  by  digestion  with  animal  charcoal,  when 
dried  at  180°  Fahr.  in  a  current  of  dry  air  and  burnt  with 
chromate  of  lead,  gave  3*64  water  and  9*793  carbonic  acid. 
This  result  agrees  with  the  analyses  of  Messrs.  Ettling  and 
Will  and  Professor  Wohler,  who  found — 

Ettling  and  Will.  Wohler.  T.  Taylor. 

i ' 1  i * > 

Carbon     .  71-19       70-80  70*83     71'09  70-71 

Hydrogen    10-85        10-78  10'60  10'71 

Oxygen    .  17'96        18-42  18-57  18*58 

100-00     100*00*  100-OOf  100-00 

Messrs.  Ettling  and  Will,  who  have  analysed  some  of  its 
salts,  regard  the  formula  of  the  crystallized  acid  as  C42  H74  07 
-f  HO,  while  Professor  Wohler  represents  it  as  C40  H70  07 
+  HO. 

Resino-bezoardic  concretions  were  first  examined  by  Four- 
croy  and  Vauquelin.  Their  account  is  very  slight  and  im- 
perfect, but  is  accompanied  by  a  very  accurate  drawing  of  a 
fragment  of  one  of  them.  Fourcroy  states,  without  mention- 
ing his  authority,  that  they  are  taken  from  some  unknown 
species  of  Asiatic  or  African  animals,  and  believes  them  to  be 
formed  from  the  resinous  juices  of  the  plants  on  which  these 
animals  fed. 

In  the  College  Catalogue  I  have  described  them  as  being 
the  true  Occidental  Bezoar.     Subsequent  consideration  how- 

*  Ann.  der  Chem.  und  JPharm.,  xxxix.  242. 

f  Poggendorff's  Ann.  der  Phys.  und  Chem.,  liv.  259. 
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ever  inclines  me  to  believe  that  the  true  Occidental  Bezoar  con- 
sisted of  diphosphate  of  lime,  and  that  these  concretions,  which 
Kaempfer  states  were  termed  in  Persia  Lapis  Bezoar  Occiden- 
talis,  on  account  of  their  similarity  to  the  concretions  brought 
from  South  America,  were  so  called  from  their  exterior  pos- 
sessing the  same  smooth  polished  exterior  as  the  diphosphate 
of  lime  concretions.  The  concretions  described  by  Kaempfer 
under  the  name  of  Coagulum  JZesinosum  Bezoarticum,  are  evi- 
dently identical  with  resino-bezoardic  acid  calculi ;  for  he  says 
that  the  Swedish  ambassador,  on  his  departure  from  Ispahan, 
purchased  some  specimens,  which,  when  thrown  upon  burning 
coals,  melted  and  gave  out  an  aromatic  odour  like  that  of  co- 
lophony or  olibanum.  In  the  work  of  Clusius  there  is  a 
figure  of  the  occidental  bezoar  which  is  quite  characteristic  of 
this  calculus,  and  Monardes  asserts  that  they  were  taken  from 
the  wild  goats  of  Persia.  It  is  not  however  probable  that  any 
particular  species  of  concretion  was  confined  exclusively  to 
the  animals  of  one  or  the  other  hemisphere,  since  the  resinous 
and  bitter  juices  from  which  the  concretions  are  formed  exist 
in  the  plants  of  both  divisions  of  the  globe. 
[To  be  continued.] 

XXXVI.     On  the  Winter  Storms  of  the  United  States. 
By  Lieut.-Colonel  Sabine. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 

"VTOUR  meteorological  readers,  and  especially  those  who 
-*-  take  an  interest  in  the  law  of  storms,  will,  I  am  sure,  be 
glad  to  have  their  attention  drawn  to  a  second  memoir  by 
Professor  Loomis  of  New  York,  on  the  phaenomena  of  the 
great  storms  which  are  experienced  in  the  United  States  du- 
ring the  winter  months.  In  this  memoir  (Art.  IV.  of  vol.  ix. 
of  the  Transactions  of  the  American  Philosophical  Society) 
two  storms  are  investigated,  one  of  which  occurred  about  the 
3rd  of  February,  1842,  and  the  other  about  the  15th  of  the 
same  month  of  the  same  year.  The  method  of  investigation  is 
the  same  which  Professor  Loomis  adopted  in  his  account  of  the 
great  storm  of  December  20th,  1836,  viz.  the  assemblage  in 
one  view  of  the  atmospherical  circumstances  simultaneously 
observed  over  the  whole  extent  of  the  United  States,  both 
during  the  continuance  of  the  storm  and  for  one  or  two  pre- 
ceding days.  It  is  by  this  path  that  we  may  confidently  hope 
to  attain  to  a  knowledge  of  the  causes  which  produce  these 
great  atmospherical  derangements  j  and,  thanks  to  the  spirit 
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of  co-operative  labour  which  distinguishes  the  present  time, 
we  have  every  prospect  of  seeing  this  path  successfully  pur- 
sued. Although  the  memoir  itself  is  not  very  long,  the  illus- 
trations which  accompany  it  are  many,  and  its  republication 
in  this  country  without  them  would  not  convey  the  full  amount 
of  instruction  to  be  derived  from  the  text  and  plates  conjointly. 
Memoirs  of  this  description  scarcely  admit  of  an  abstract; 
there  are  however  certain  circumstances  which  present  them- 
selves in  so  striking  a  manner  as  common  to  the  three  storms 
above  mentioned,  as  to  induce  the  belief  that  they  may  be 
viewed  as  the  characteristics  of  a  particular  class  of  storms 
which  occur  in  the  United  States  in  the  winter  months  of 
every  year.  The  circumstances  alluded  to  may  admit  of  a 
brief  notice  in  the  light  of  a  first  generalization ;  and  it  may 
have  the  additional  advantage  of  attracting  the  attention  of 
some  of  your  readers  to  the  original  memoir  in  the  Transac- 
tions of  the  American  Philosophical  Society. 

We  may  picture  to  ourselves,  in  the  first  instance,  a  nor- 
mal state  of  the  atmosphere  over  the  United  States,  in  the 
departure  from  which  we  may  trace  the  successive  phases  of 
derangement  which  constitute  the  storm.  In  this  normal 
state  the  wind  is  from  the  west,  or  a  few  degrees  south  of 
west,  in  the  lower  as  well  as  in  the  upper  current,  with  the 
thermometer  and  barometer  at  or  near  their  respective  mean 
heights  for  the  time  and  place :  the  whole  body  of  the  air 
from  the  surface  of  the  earth  to  its  upper  limit,  is  proceeding 
harmoniously  in  the  one  direction,  and  having  blown  across 
the  greater  part  of  the  continent  of  America  before  it  reaches 
the  middle  states  of  the  union,  it  is  extremely  dry,  and  the  at- 
mosphere perfectly  clear. 

The  interruption  to  this  normal  state,  which  in  the  order 
of  time  appears  first  to  present  itself,  is  a  change  in  the  direc- 
tion of  the  lower  stratum  of  the  air,  which  becomes  southerly 
in  the  countries  situated  in  the  north  of  the  Gulf  of  Mexico, 
and  south-easterly  in  the  south-eastern  states.  The  change 
in  the  direction  of  the  lower  stratum  of  air  is  speedily  followed, 
or  perhaps  it  should  rather  be  said  is  accompanied,  by  cloud, 
and  by  a  rise  of  temperature,  which  progressively  increase, 
the  one  in  extent  and  the  other  in  intensity,  attended  by  a 
falling  barometer.  The  cloud  condenses  into  rain  or  snow, 
the  area  of  which  progressively  extends  till  but  a  compara- 
tively small  margin  of  cloud  remains  without  precipitation. 
The  thermometer  continues  to  rise,  the  barometer  to  fall,  and 
the  rain  or  snow  to  descend,  until  the  instant  when  the  ab- 
normal winds  from  the  south  and  east  give  place  to  a  more 
violent  rush  of  air  from  the  west  and  north-west,  by  which 
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the  phenomena  of  the  storm  are  swept  onwards,  and  trans- 
ferred successively  from  the  middle  to  the  eastern  states,  and 
thence  to  the  sea,  with  a  velocity  which  in  different  instances 
has  been  noted  to  vary  from  about  twenty  to  thirty-six  statute 
miles  an  hour.  The  maximum  of  the  thermometer  and  mini- 
mum of  the  barometer  coincide  generally  (and  with  great 
exactness  in  the  eastern  states)  with  the  change  of  the  wind, 
the  derangement  of  the  temperature  being  so  great  as  20°  and 
even  occasionally  30°  above  its  normal  state. 

The  description  thus  given  was  written  after  reading  the 
second  memoir,  and  was  consequently  drawn  principally  from 
the  phaenomena  of  the  two  storms  of  1842,  with  only  a  ge- 
neral recollection  of  the  similarity  of  the  circumstances  of 
the  storm  of  December  1836,  described  in  Mr.  Loomis's  pre- 
vious memoir,  which  I  had  not  looked  into  for  some  months. 
On  its  reperusal  since,  I  find  a  condensed  view  of  the  facts  of 
that  storm  at  once  so  graphical,  and  by  its  accordance  with 
the  description  drawn  from  the  two  other  storms  exemplifying 
so  well  their  common  character,  that  I  am  induced  to  insert  it. 

"  The  principal  characteristics  were  as  follows  : — After  a 
cold  and  clear  interval  with  barometer  high,  the  wind  com- 
menced blowing  from  the  south.  The  barometer  fell  rapidly, 
the  thermometer  rose,  rain  descended  in  abundance.  The 
wind  veered  suddenly  to  the  north-west,  and  blew  with  great 
violence :  the  rain  is  succeeded  by  hail  or  snow,  which  con- 
tinues but  a  short  time;  the  barometer  rises  rapidly;  the 
thermometer  sinks  as  rapidly.  These  changes  are  not  expe- 
rienced everywhere  simultaneously,  but  progressively  from 
west  to  east." 

Such  then  are  the  phaenomena,  and  such  the  order  of  their 
occurrence,  in  a  class  of  storms  which  in  the  winter  season, 
and  in  the  localities  referred  to,  are  of  frequent  occurrence  ; 
that  which  has  been  described  as  the  normal  state  of  the  at- 
mosphere, and  that  which  has  been  described  as  the  interrup- 
tion to  it,  appearing  to  follow  each  other  in  repeated  succes- 
sion. The  facts  being  thus  before  us,  it  is  for  meteorologists 
to  consider  of  their  explanation. 

When  it  is  remembered  that  the  temperature  of  the  sur- 
face water  of  the  Gulf  of  Mexico  which  washes  the  southern 
shores  of  the  United  States  is  considerably  higher  than  the 
ordinary  temperature  of  the  surface  water  of  the  ocean  in  the 
same  parallel ;  and  that  the  gulf-stream  which  coasts  the 
south-eastern  states  conveys  heated  water  into  parallels  where 
its  relative  difference  from  the  ordinary  ocean-temperature  is 
even  greater  than  in  the  Gulf  of  Mexico,  we  should  be  pre- 
pared to  expect  that  the   abnormal   southerly  and   south- 
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easterly  winds  should  be  extremely  humid  as  well  as  warm ; 
whilst  the  normal  westerly  wind,  which  has  crossed  the  rocky 
mountains  as  well  as  a  wide  extent  of  continent,  must  be  ex- 
tremely dry  as  well  as  cold.  Now  the  warm  and  moist  air 
being  once  conveyed  to  the  previously  cold  and  dry  localities 
where  the  storm  appears  to  originate,  the  subsequent  order 
and  succession  of  the  phenomena  are  sufficiently  intelligible. 
The  fact  of  which  it  seems  most  difficult  to  render  an  expla- 
nation, and  to  which  therefore  attention  may  be  profitably 
directed,  is  that  of  the  apparent  tendency  of  the  south  and 
south-easterly  winds  to  insinuate  themselves  in  the  lower 
stratum  of  the  air,  and  to  prevail  over  the  regular  and  normal 
west  wind,  whenever  the  latter  has  moderated  after  its  tem- 
porary violence.  The  phenomenon  is  confined  to  the  lower 
stratum  of  the  air,  as  the  direction  of  the  upper  clouds  is  pre- 
served steadily  from  the  west.  Mr.  Loomis  suggests  in  ex- 
planation that  the  momentum  which  the  westerly  wind  ac- 
quires at  its  period  of  violence  causes  it  to  overblow  itself, 
and  produces  a  reaction,  each  storm  having  thus,  as  he  con- 
ceives, a  direct  tendency  to  produce  its  successor.  Is  it  not 
possible  that  the  elastic  force  of  the  vapour  rising  over  the 
heated  surface  of  the  ocean  to  the  south  and  south-east  of  the 
United  States,  and  making  its  way  to  the  dry  interior  of  the 
continent,  may  have  a  tendency  to  impede  and  counteract  the 
current  of  air  proceeding  from  an  opposite  direction  ?  It  is  not 
inconsistent  with  the  notion  of  the  independence  of  air  and 
vapour  when  at  rest,  that  when  in  motion  either  should  affect 
the  other.  It  is  I  believe  a  common  opinion  that  air  in  motion 
carries  vapour  with  it ;  the  supposition  here  made  is  the 
counterpart  of  this.  I  remember  to  have  heard  that  at  New- 
foundland,— where  the  north-west  (the  prevailing)  wind  is  par- 
ticularly cold  and  dry,  and  where  the  surface  of  the  sea  to  the 
south-east  is  of  unusually  high  temperature  for  the  latitude, 
owing  to  the  gulf-stream,  the  sea  fog,  as  it  is  called, — fre- 
quently makes  its  way  from  seaward  against  the  wind  ;  and 
that  the  wind  then  gradually  dies  away  and  is  succeeded  by 
a  gentle  breeze  from  the  opposite  or  sea  quarter. 

But  whatever  may  be  the  fate  of  conjectures  which  may  be 
hazarded  before  the  true  explanation  of  the  phenomena  shall 
be  arrived  at  and  generally  accepted,  the  very  clear  and  lucid 
manner  in  which  Mr.  Loomis  has  arranged  and  combined  the 
facts  which  he  has  collected  together,  and  the  ability  and  true 
philosophical  spirit  in  which  he  has  discussed  them,  call  for 
our  grateful  acknowledgements,  and  cannot  fail  to  operate  as 
a  stimulus  to  the  co-operators  in  theUnited  States  to  persevere 
in  their  meteorological  observations.     Mr.  Loomis  has  ex- 
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pressed  an  earnest  wish  that  the  co-operation  should  be  ex- 
tended towards  the  north  into  the  countries  occupied  by  the 
Hudson's  Bay  Company ;  and  it  cannot  fail  to  be  seen,  on 
reading  his  memoir,  how  much  observations  in  that  quarter  are 
wanted  for  the  elucidation  of  questions  which  arise.  We  may 
hope  that  his  wishes  in  this  respect  will  not  be  disappointed. 

Believe  me,  sincerely  yours, 
Woolwich,  February  12th,  1846.  Edward  SABINE. 


XXXVII.  On  the  Anthracite  and  Bituminous  Coal-Fields  in 
China.    By  Richard  Cowling  Taylor,  F.G.S.* 

WE  have  seen  the  recent  announcement  of  the  sailing, 
from  hence,  of  a  vessel  containing  308  tons  of  Pennsyl- 
vania  anthracite,  destined  for  Hong-Kong  in  China.  Some 
very  natural  speculations  have  arisen  from  this  circumstance, 
as  to  the  probability  of  that  remote  country  furnishing  a  market 
for  American  anthracite.  As  no  details  accompany  the  state- 
ment alluded  to,  we  are  not  in  possession  of  any  material  facts 
whereby  an  estimate  can  be  formed  of  the  probable  success  of 
the  undertaking,  in  a  commercial  sense  ;  and  we  are  not  sure 
but  the  coal  may  have  been  employed  for  convenience  merely, 
as  ballast. 

In  the  East  Indies  various  depots  of  European  coal  have 
been  established,  for  the  service  of  the  British  government 
steamers.  This  fuel,  for  the  most  part,  it  is  understood,  con- 
sists of  the  anthracitous  and  partially  bituminous  coals  of 
South  Wales,  of  course  obtained  at  great  expense.  It  appears 
that  5000  tons  of  English  coal,  at  a  freightage  of  about  £2  per 
ton,  are  annually  imported  into  Bombay,  for  the  Company's 
steamers.  Bituminous  coals  have  been  derived  from  much 
less  distant  sources ;  among  which  the  Burdwan  coal-field,  in 
the  vicinity  of  Calcutta,  may  be  named.  Mergui  Island,  also, 
in  the  Bay  of  Bengal,  has  lately  furnished  some  steam  coal  to 
Singapore.  The  steam  ships  on  the  China  seas,  during  the 
war  with  that  vast  country,  were  supplied  from  these  various 
sources. 

I  do  not  propose  to  discuss  the  profitableness,  or  otherwise, 
of  a  Chinese  market  for  our  American  anthracite.  But  as 
during  the  process  of  collecting  statistical  information  for  a 
proposed  volume  on  "  The  Geological  and  Geographical  Dis- 
tribution of  Coal  and  other  Mineral  Combustibles  \"  some 

*  From  a  pamphlet  communicated  by  the  Author. 

\  See  in  Philosophical  Magazine,  vol.  xxvi.  p.  263,  the  Prospectus  of  this 
work,  by  Mr.  R.  C.  Taylor,  for  which  subscriptions  are  received  by  Messrs. 
Wiley  and  Putnam. — Ed. 


and  Bituminous  Coal-fields  in  China.  205 

notes  reached  me,  of  an  interesting  character,  which  are  not 
generally  accessible  to  the  majority  of  readers,  with  relation  to 
the  Chinese  coal-fields,  it  has  struck  me  that  a  portion  of  these 
details,  in  an  abridged  form,  might  be  just  now  acceptable, 
particularly  as  the  intercourse  with  that  country  is  on  the  in- 
crease. I  venture  even  to  omit,  for  the  present,  the  author- 
ities for  the  facts  I  shall  have  to  communicate ;  reserving 
them  in  detail  for  the  volume  adverted  to.  It  must,  neverthe- 
less, be  premised  that  to  the  Jesuit  Fathers,  the  French  Mis- 
sionaries who  were  permitted  to  reside  at  Pekin  during  the 
18th  and  preceding  centuries,  we  are  indebted  for  details  of  the 
highest  interest,  not  alone  on  this  subject,  but  on  many  other 
objects  of  philosophical  inquiry  in  that  little-known  region. 

It  is  probable  that  coal  was  discovered,  and  was  in  common 
use  in  China,  long  before  it  was  known  in  the  western  world. 
It  is  mentioned  by  a  noble  traveller  of  the  13th  century,  as 
abounding  throughout  the  whole  province  of  "  Cathay  "  of 
which  Pekin  is  the  capital,  "  where  certain  black  stones  are 
dug  out  of  the  mountains,  which  stones  burn  when  kindled, 
and  keep  alive  for  a  long  time,  and  are  used  by  many  persons, 
notwithstanding  the  abundance  of  wood." 

The  good  missionaries  were  fully  capable  of  describing  the 
coals  which  were  supplied  to  Pekin,  since  they  there  erected 
a  furnace  or  stove,  in  which  they  experimented  on  the  proper- 
ties of  those  combustibles ;  particularly  with  reference  to  the 
ordinary  domestic  uses,  and  for  the  warming  of  apartments 
and  the  purposes  of  their  laboratory. 

Among  the  people  of  Pekin  three  kinds  are  in  use. 

1 .  That  employed  by  the  blacksmiths.  It  yields  more  flame 
than  the  other  qualities ;  is  more  fierce,  but  is  subject  to  de- 
crepitate in  the  fire  ;  on  which  account,  probably,  the  black- 
smiths use  it  pounded  in  minute  particles. 

2.  A  harder  and  stronger  coal,  used  for  culinary  purposes, 
giving  out  more  flame  than  the  other  sorts  so  employed ;  it  is 
less  quickly  consumed,  and  leaves  a  residuum  of  gray  ashes. 
There  are  several  gradations  of  these.  The  best  are  hard  to 
break,  of  a  fine  grain,  a  deep  black  colour,  soiling  the  hands 
less  than  the  others.  It  sometimes  is  sufficiently  siliceous  to 
give  fire  with  steel.  Others  have  a  very  coarse  grain,  are 
easily  broken  and  make  a  bright  fire,  leaving  a  reddish  ash. 
Another  species  crackles  or  decrepitates  when  first  placed  on 
the  fire,  and  falls  down,  almost  entirely,  in  scales,  which  close 
the  passage  of  the  air,  and  stifle  the  fire. 

3.  A  soft,  feebly  burning  coal,  giving  out  less  heat  than  the 
2nd  class ;  consuming  more  quickly,  it  breaks  with  greater  fa- 
cility, and  in  general  is  of  deeper  black  than  the  sorts  previ- 
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ously  mentioned.  It  is  commonly  this  description  which, 
being  mixed  with  coal-dust  and  a  fourth  part  of  clay,  is  em- 
ployed to  form  an  artificial  is  ceconomical  fuel.  This  being 
moulded  in  the  form  of  bricks  and  balls  is  sold  in  the  shops 
of  Pekin.  Wagon-loads  of  coal-dust  are  brought  to  that  city 
for  this  sole  purpose. 

The  coal  merchants  have  also  an  intermediate  quality  be- 
tween the  classes  2  and  3. 

We  cannot  in  this  place  recite  the  numerous  details  which 
are  furnished  by  these  intelligent  Fathers.  Suffice  it  to  add, 
that  nearly  the  whole  of  the  properties  and  applications  are 
now  in  every- day  use  in  the  United  States,  and  are  familiar  to 
all.  They  are,  in  fact,  the  natural  results  suggested  by  quali- 
ties possessed  in  common  by  the  combustibles  of  remote  parts 
of  the  same  globe.  Even  the  modern  method  of  warming  all 
the  apartments  of  our  dwellings,  which  we  view  as  the  result 
of  superior  practical  and.  scientific  investigation,  was  in  use, 
with  very  little  deviation,  centuries  ago  by  the  Chinese.  Many 
a  patented  artificial  fuel  compound  both  in  Europe  and  Ame- 
rica, has  been  in  practical  operation  in  China  at  least  a  thou- 
sand years. 

4.  Anthracite. — Another  description  of  coal  abounding 
about  thirty  leagues  from  Pekin,  but  which  was  not  then  in 
such  general  use  there  as  the  other  kinds,  is  called  by  the 
Chinese  Che-tan.  Che  means  a  stone,  but  tan  is  the  name 
they  give  to  wood-charcoal.  Therefore,  according  to  the  ge- 
nius of  the  Chinese  language,  this  compound  word  signifies  a 
substance  resembling  or  having  the  common  properties  of 
stone  and  charcoal.  There  can  be  little  difficulty  here  in  re- 
cognising the  variety  of  coal  which  in  our  day  has  been  de- 
nominated anthracite,  a  compound  word  of  similar  meaning. 

The  Chinese  glance  coal  forms  a  remarkable  exception  to 
the  unfavourable  conclusion  prevailing  against  Oriental  coal ; 
and,  according  to  more  recent  authority  than  those  we  before 
cited,  deserves  to  rank  at  the  head  of  the  list,  in  respect  of  its 
purity  as  a  coke,  although  in  specific  gravity  it  does  not 
come  up  to  the  character  of  the  Pennsylvania  or  Welsh  fuel ; 
neither  has  it  the  spongy  texture  which  contributes  much  to 
the  glowing  combustion  of  the  latter. 

So  late  as  1840,  a  Russian  officer  has  described  the  coal 
formations  of  the  interior,  as  occupying  the  western  mountain 
range  of  China,  in  such  abundance  that  a  space  of  half  a  league 
cannot  be  traversed  without  meeting  with  rich  strata.  The 
art  of  mining  is  yet  in  its  infancy  among  the  Chinese ;  not- 
withstanding which,  coal  is  thought  to  be  at  a  moderate  price 
in  the  capital.     Anthracite  occurs  in  the  western  range  of 
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mountains  at  about  a  day's  journey,  or  thirty  miles  only  from 
Pekin.  The  coal  formation  is  largely  developed,  in  which 
thick  beds  of  coal  occur.  They  appear  to  be  of  various  qua- 
lities. Some  of  this  coal,  occurring  in  shale  beds,  is  singularly 
decomposed,  and  its  particles  have  so  little  cohesion,  that  they 
are  almost  reduced  to  a  state  of  powder.  Beneath  these  coal 
shales  are  beds  of  ferruginous  sandstone,  and  below  those 
occur  another  series,  consisting  of  much  richer  seams  of  coal 
than  the  upper  group. 

In  this  range  are  seen  also  both  horizontal  and  vertical  beds 
of  conglomerate,  accompanied  by  seams  of  coal  which  have  the 
conglomerate  for  the  roof  and  diorite  or  greenstone  for  the 
floor.  As  might  be  expected,  this  coal  very  much  resembles 
anthracite.  It  is  shining,  of  compact  texture,  difficult  to  ignite, 
does  not  flame  in  burning,  or  give  out  any  smoke.  Its  sub- 
stance is  entirely  homogeneous.  Every  thing  respecting  it  leads 
to  the  belief  that  there  had  been  a  great  development  of  heat 
at  the  period  of  its  formation,  or  subsequently.  The  horizon- 
tal coal  beds  are  the  most  important  and  valuable,  and  are 
denominated  large ;  but  no  greater  thickness  than  three  and 
a  half  feet  is  quoted.  The  blacksmiths  and  those  who  work 
in  copper,  prefer  this  coal,  on  account  of  the  intense  heat 
which  it  gives  out. 

Throughout  the  whole  of  this  mountain  range  may  be  con- 
tinually seen  the  outcrops  of  this  combustible,  where  they  have 
never,  as  yet,  been  touched  by  the  hand  of  man. 

In  those  parts  of  China  where  wood  is  very  dear,  coal  is 
worked  on  a  great  scale  for  the  Pekin  market :  but  the  process 
of  mining  is  very  little  understood  by  those  people,  who  excel 
in  the  preparation  of  charcoal. 

Coal  in  other  parts  of  China. — The  Missionaries  and  others 
inform  us  that  coal  is  so  abundant  in  every  province  of  China, 
that  there  is  perhaps  no  country  in  the  world  in  which  it  is 
so  common.  The  quays  at  Nankin  are  stored  with  the  finest 
native  coal.  Some  of  the  coal  which  was  brought  down  to 
the  coast,  from  the  Pekin  country,  to  the  Gulf  of  Pe-tchee-lee, 
was  anthracite,  partaking  of  the  character  of  plumbago  or 
graphite.  Coal,  apparently  of  the  brown  coal  species,  exists 
extensively  in  the  direction  of  Canton  ;  while  all  the  coals  seen 
on  the  Yang-tse-kiang  river,  south  of  Nankin,  resembled  can- 
nel  coal.  Nearer  to  Canton  it  possessed  the  comparatively 
modern  characterof  the  brown  coal.  It  was  abundantly  offered 
for  sale  in  the  different  cities  through  which  Lord  Amherst's 
embassy  passed,  between  the  lake  Po-yang-how  and  Canton, 
and  the  boats  were  largely  supplied  with  it.  It  is  there  ob- 
tained by  means  of  pits,  like  wells  \  and  we  infer  that,  like 
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nearly  all  the  brown  coal  deposits,  the  beds  were  horizontal, 
and  at  no  great  depth.  A  sulphurous  coal,  interstratified 
with  slate,  and  in  the  vicinity  of  red  sandstone,  also  prevails 
towards  Canton. 

Thus,  therefore,  we  possess  evidence,  the  main  object  which 
this  communication  was  designed  to  exhibit,  that  extending 
over  large  areas  in  China,  are  beds  of  tertiary  or  brown  coal, 
of  cannel  coal,  a  dozen  varieties  of  bituminous  coal,  of  anthra- 
cite, glance  coal,  and  graphitic  anthracite;  all  of  which,  for 
ages,  have  been  in  common  use  in  this  remarkable  country, 
and  have  been  there  employed  for  every  domestic  purpose 
known  to  civilized  nations  of  all  times ;  including  gas  lighting, 
and  the  manufacture  of  iron,  copper,  and  other  metals. 

Mode  of  Mining  Coal  in  China. — It  might  be  expected  that 
in  China,  where  most  of  the  practical  arts  have  from  time  im- 
memorial been  carried  on  with  all  the  perseverance  of  that 
industrious  people,  the  operations  of  mining  coal  would  be 
conducted  with  some  regard  to  science,  in  relation  to  sinking, 
draining,  and  extraction.  We  have,  however,  good  authority, 
especially  in  regard  to  the  environs  of  Pekin,  for  stating  that 
the  process  is  still  in  a  very  imperfect  state.  Machinery  to 
lighten  labour  is  there  unknown.  They  have  not  even  an  idea 
of  the  pumps  indispensable  to  draw  off  the  water.  .  If  local 
circumstances  allow,  they  cut  drainage  galleries ;  if  hot,  they 
abandon  the  work  whenever  the  inundation  has  gained  too 
far  upon  them.  The  mattock  and  shovel,  the  pick  and  the 
hammer,  are  the  mining  instruments — the  only  ones,  in  fact, 
which  the  Chinese  employ  in  working  the  coal.  The  water 
of  the  mine  is  emptied  by  the  slow  process  of  filling  small 
casks,  which  are  brought  up  to  the  surface  by  manual  labour. 
Vertical  shafts  are  not  used.  In  working  horizontal  coal 
seams,  the  timbering  is  expensive,  and  the  materials  cost  about 
two  copecs  per  poud,  =  ^8,50  per  ton,  English  wood  being 
sold  by  weight  in  China. 

The  coal,  when  mined,  is  put  into  baskets  and  drawn  upon 
sledges,  which  are  raised  to  the  surface  by  manual  strength. 
Each  basket  contains  about  three  pouds  of  coal,  and  one  man 
can  raise  about  eight  baskets  in  a  day.  This  is  equivalent  to 
1032  Russian  pounds,  or  to  12  cwt.  English  per  day.  The 
miners'  wages  are  at  the  rate  of  30  copecs  a  basket ;  which  is 
equal  to  240  copecs  (copper  currency),  or  46  cents  of  United 
States  currency,  per  day ;  being  ^0,76  U.  S.  per  ton. 

Prices  at  Pekin. — At  the  pit's  mouth,  this  coal  is  sold  for 
60  copecs  per  poud,  =  ^4,63  per  ton  of  20  cwt.  It  is  then 
conveyed  on  the  backs  of  mules,  through  the  mountains,  and 
thence  on  camels  to  Pekin,  where  the  price  is  1^  rouble, 
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=  1£  franc,=29  cents  United  states,  per  poud;  which,  if 
our  calculation  be  correct,  is  equivalent  to  «#"  11,60  United 
States,  or  £2  8s.  3d.  per  ton  of  2240  pounds  English.  We 
perceive,  therefore,  that  the  best  of  fuel  is  expensive  at  Pekin, 
and  hence  the  necessity  for  resorting  to  the  artificial  com- 
pounds and  substitutes  to  which  we  briefly  alluded. 

There  is,  however,  a  kind  of  coal  sold  in  that  city  at  a  much 
lower  price,  particularly  when  it  is  mixed  with  one-half  of  coal- 
dust.  This  coal,  in  1840,  sold  for  one  rouble  per  poud,  which 
is  at  the  rate  of  ^7*75,  =  £1  12s.  3d.  per  ton.  It  is  of  in- 
different quality,  however ;  giving  out  but  little  heat,  and  is 
quickly  consumed. 

The  compound  fuel,  consisting  of  coal-dust  and  clay,  is  still 
prepared  after  the  mode  described  by  the  Missionaries  last 
century ;  but  its  use  is  chiefly  confined  to  the  indigent  classes. 

Coal  Gas  Lighting  in  China. — Whether,  or  to  what  extent, 
the  Chinese  artificially  produce  illuminating  gas  from  bitu- 
minous coal,  we  are  uncertain.  But  it  is  a  fact  that  sponta- 
neous jets  of  gas,  derived  from  boring  into  coal-beds,  have  for 
centuries  been  burning,  and  turned  to  that  and  other  cecono- 
mical  purposes.  If  the  Chinese  are  not  manufacturers,  they 
are,  nevertheless,  gas  consumers  and  employers  on  a  large 
scale ;  and  have  evidently  been  so  ages  before  the  knowledge 
of  its  application  was  acquired  by  Europeans.  Beds  of  coal 
are  frequently  pierced  by  the  borers  for  salt  water ;  and  the 
inflammable  gas  is  forced  up  in  jets  twenty  or  thirty  feet  in 
height.  From  these  fountains  the  vapour  has  been  conveyed 
to  the  salt-works  in  pipes,  and  there  used  for  the  boiling  and 
evaporation  of  the  salt ;  other  tubes  convey  the  gas  intended 
for  lighting  the  streets  and  the  larger  apartments  and  kitchens. 
As  there  is  still  more  gas  than  is  required,  the  excess  is  con- 
ducted beyond  the  limits  of  the  salt-works,  and  there  forms 
separate  chimneys  or  columns  of  flame. 

One  cannot  but  be  struck  with  the  singular  counterpart  to 
this  employment  of  natural  gas,  which  may  be  daily  witnessed 
in  the  Valley  of  the  Kanawha,  in  Virginia.  The  geological 
origin,  the  means  of  supply,  the  application  to  all  the  pro- 
cesses of  manufacturing  salt,  and  of  the  appropriation  of  the 
surplus  for  the  purposes  of  illumination,  are  remarkably  alike 
at  such  distant  points  as  China  and  the  United  States.  Those 
who  have  read,  even  within  the  present  month,  the  account 
of  the  recent  extraordinary  additional  supply  of  gas,  and  the 
services  it  is  made  to  perform  at  the  Kanawha  salt-works,  must 
be  impressed  with  the  coincidence  of  all  the  circumstances 
with  those  which  are  very  briefly  stated  in  the  previous  para- 
graph in  relation  to  China.     In  fact  the  parallel  is  complete, 
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To  the  coals  .and  combustible  minerals  of  China,  I  cannot 
further  advert  here.  But  what  a  conviction  irresistibly  presses 
upon  the  mind,  as  to  the  incalculable  utility  of  the  railroad 
system,  and  coal-mining  improvements,  in  such  an  empire ! 
If  ever  there  were  concentrated  at  one  point  all  the  circum- 
stances especially  and  unequivocally  favourable  to  that  system, 
and  imperiously  calling  for  improvements  of  the  character 
suggested,  it  seems  to  be  presented  in  the  case  of  the  city  of 
Pekin.  Here,  with  its  enormous  population  of  1,500,000 
souls,  it  is  situated  only  at  a  day's  journey — computed  at 
thirty  miles — from  an  immense  region  of  coal,  comprising 
several  varieties.  Yet  its  inhabitants  cannot  purchase  the 
best  qualities  of  this  coal,  brought  from  the  mountains  on  the 
backs  of  mules  and  camels,  under  &1 1,60  per  ton,  and  the  very 
worst  for  less  than  %  7375  per  ton. 

Without  making  unnecessary  or  invidious  comparisons,  it 
might  not  unreasonably  be  suggested,  that  a  Pekin  railroad, 
in  connection  with  the  coal  mines,  would  be  a  far  more  profit- 
able enterprise  in  its  results,  than  the  transportation  of  Ame- 
rican coals  to  China. 

I  will  only  add  one  circumstance,  which  had  nearly  escaped 
me.  Borneo,  "  the  largest  island  in  the  world,"'  which  is  only 
twenty  degrees  due  south  of  Canton,  has  lately  come  into  re- 
pute for  the  great  quantity  of  coal  which  it  contains,  not  only 
accessible  to  ships  along  the  coast,  but  extensively  occurring 
in  the  mountains  of  the  interior.  Much  information  has  also 
been  acquired  from  the  natives ;  and  the  facts  which  are  al- 
ready elicited  are  regarded  as  of  considerable  importance,  in 
respect  to  the  facilitating  the  steam  navigation  in  the  China 
seas.  Philadelphia  will,  of  course,  have  her  share  in  the  en- 
larged commercial  intercourse  with  China.  Would  it,  then, 
be  asking  too  much  of  those  who  are  personally  interested  in 
this  improving  trade,  to  communicate  any  additional  facts, 
which  are  either  unknown  to,  or  have  been  omitted  by,  the 
author  of  these  scanty  notes  ? 

Respectfully, 
Philadelphia,  April  28,  1845.  Richard  C.  Taylor. 

Note. — The  prices  and  admeasurements  which  are  quoted  in  the  fore- 
going article,  were  reduced  to  the  United  States  and  English  currencies 
and  measures  from  the  Russian,  as  furnished  by  the  Engineer  Kovanko; 
who,  in  like  manner,  converted  them  into  the  Russian  from  the  Chinese 
standards.  In  consequence  of  this  triple  conversion  of  standards,  addi- 
tional care  has  been  taken  to  avoid  error  in  these  calculations. 
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XXXVI IT.  On  the  Conversion  of  the  solid  Ferrocyanide  of 
Potassium  into  the  Sesqui-ferrocyanide.  By  C.  F.  Schosn- 
bein*. 

N  a  former  notice  I  have  shown  that  a  solution  of  the 
yellow  prussiate  of  potash  in  water,  placed  in  contact  with 
an  atmosphere  of  ozone,  instantaneously  destroys  the  latter, 
and  is  converted  into  the  red  sesqui-ferrocyanide.  Since  that 
communication  was  made  I  have  ascertained  that  even  the 
solid  yellow  salt  very  readily  absorbs  ozone  and  is  changed 
into  the  red  one.  If  a  crystal  of  the  common  prussiate  is 
suspended  in  a  balloon  containing  an  atmosphere  strongly 
charged  with  ozone,  and  kept  in  that  state  by  means  of  phos- 
phorus and  water,  it  will  soon  assume  the  colour  peculiar  to 
the  red  cyanide,  just  in  the  same  way  as  it  would  do  when 
held  in  air  containing  chlorine.  The  surface  of  the  crystal, 
after  having  remained  in  the  ozonized  air  for  about  twelve 
hours,  is  changed  into  the  red  salt,  which  may  be  easily  se- 
parated from  the  yellow  nucleus  by  mechanical  means.  A 
crystal  of  about  a  cubic  inch  in  bulk  appeared  after  thirty- 
six  hours'  suspension  in  ozonized  air  covered  with  a  crust  of 
the  red  cyanide,  at  least  one  line  thick;  and  in  another 
case  I  saw  a  smaller  crystal  of  the  yellow  salt  entirely  con- 
verted into  the  red  one.  I  hardly  need  say  that  by  changing 
the  yellow  compound  into  the  sesqui-ferrocyanide,  the  cohe- 
sive state  of  the  former  undergoes  a  material  alteration.  The 
red  crust  surrounding  the  yellow  nucleus  is  rather  brittle, 
and  consists  of  a  heap  of  small  crystals  of  the  sesqui-ferro- 
cyanide. It  is  worthy  of  remark,  that  under  the  circum- 
stances mentioned  the  yellow  prussiate  becomes  moist,  and 
exhibits  in  that  state  a  very  strong  alkaline  reaction. 

XXXIX.  On  the  Decomposition  of  the  Yellow  and  Red  Ferro- 
cyanides  of  Potassium  by  Solar  Light.  By  C.  F.  Schcen- 
bein*. 

A  SOLUTION  of  the  yellow  prussiate  of  potash  kept  in 
r*-  the  dark  does  not  change  its  colour,  but  when  exposed 
to  the  action  of  solar  light  it  becomes  of  a  deeper  yellow.  To 
render  that  change  very  perceptible,  a  weak,  i.  e.  nearly  co- 
lourless, solution  must  be  used,  in  which  case  the  liquid  will 
assume  a  yellow  colour  after  having  been  acted  upon  by  strong 
sunlight  only  for  a  few  minutes.  If  the  bottle  containing  the 
solution  be  closed  and  not  quite  filled  with  the  liquid,  an 
odour  of  prussic  acid  is  perceptible,  and  at  the  same  time 
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a  reddish  yellow  sediment  subsides,  which  seems  to  be 
the  peroxide  of  iron.  The  decomposition  of  the  cyanide 
takes  place  much  more  rapidly  when  strips  of  filtering  paper 
or  linen  are  immersed  in  a  solution  of  the  salt  and  exposed 
to  the  action  of  solar  light.  In  a  very  short  time  that  part 
of  the  strip  turned  towards  the  sun  becomes  yellow,  whilst 
the  opposite  side  remains  colourless,  or  nearly  so.  If  strips 
of  paper  moistened  with  the  solution  of  the  common  prussiate 
of  potash  are  closed  up  in»glass  bottles  containing  air,  they  also 
turn  yellow  by  exposure  to  the  sun,  and  a  strong  smell  of 
prussic  acid  is  perceptible  in  the  vessels  after  a  short  time.  In 
the  shade  no  such  action  takes  place.  A  large  piece  of  linen 
cloth  drenched  with  a  solution  of  the  yellow  salt,  after  having 
been  exposed  in  the  open  air  to  the  action  of  solar  light  for 
thirty-six  hours,  had  turned  deeply  yellow,  and  yielded,  when 
treated  with  distilled  water,  a  deep  yellow  solution,  which  on 
being  filtered  and  heated  to  boiling  became  turbid,  and  depo- 
sited flakes  of  peroxide  of  iron.  The  same  solution  exhibited 
a  stronger  alkaline  reaction  than  the  solution  of  the  common 
prussiate  does.  From  the  facts  stated,  it  appears  that  the 
yellow  ferro-cyanide  is  decomposed  by  light  into  prussic  acid, 
oxide  of  iron  and  potash,  and  a  compound  formed  yielding 
with  water  a  yellow  solution.  Is  that  compound  carbonate 
of  potash  and  peroxide  of  iron ;  and  do  the  constituent  gases 
of  the  atmosphere  take  part  in  the  decomposition  besides  the 
solar  light  ?  Further  experiments  must  answer  those  ques- 
tions. A  limpid  solution  of  the  red  cyanide  also  becomes 
turbid  when  exposed  to  the  action  of  solar  light,  prussic  acid 
being  evolved  and  peroxide  of  iron  thrown  down. 

XL.  A  Reference  to  former  Contributions  to  the  Philoso- 
phical Magazine,  on  Physical  Optics.  By  Prof.  Potter, 
A.M.,  F.C.P.S.,  late  Fellow  of  Queen's  College,  Cambridge, 
$c* 

"l^TITHOUT  the  slightest  wish  to  interfere  in  the  contro- 
™  ™  versies  of  others,  I  now  beg  to  refer  the  readers  of  the 
Philosophical  Magazine  to  my  papers  in  the  Magazines  for 
January  1840  and  May  1841.  In  the  former,  at  page  20,  I 
have  shown  Mr.  Green's  formula  for  the  intensity  of  reflected 
light  to  fail  entirely  as  a  representation  of  nature ;  and  in  the 
latter  I  have  shown  the  peculiar  refraction  near  the  optic  axes 
of  biaxal  crystals  not  to  be  represented  by  Sir  William  Ha- 
milton's analytical  deductions  from  Fresnel's  equation  to  the 
wave  surface  in  biaxal  crystals. 

*  Communicated  by  the  Author. 
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The  anonymous  correspondent  Jesuiticus  in  the  last  Num- 
ber, refers  to  those  analytical  researches  triumphantly  in  fa- 
vour of  the  undulatory  theory  of  light.  I  do  not  write  to  dis- 
turb the  philosophical  opinions  of  Jesuiticus,  but  to  remind 
the  readers  of  the  Magazine  where  they  will  find  the  discus- 
sion of  the  points  referred  to. 

XLI.  On  Differentiation  as  applied  to  Periodic  Series :  with 
a  Jew  Remarks  in  reply  to  Mr.  Moon.  By  J.  R.  Young, 
Professor  of  Mathematics  in  Belfast  College*. 

F  in  the  general   expression  at  p.  430  of  my  paper   on 
Periodic  Series,  in  the  last  volume  of  this  Journal,  A  be 
made  equal  to  —1,  we  shall  have  the  identity 

1  a  n  t  ,  «  a       o        .   COS  (w  +  1 )  fl  +  COS  M  0 

— =  cos0  — cos  2  9  + cos  3  9— &c.  -\ „  ,' — — tt ; 

2  -         2(l+cos0)         * 

and  if  we  multiply  this  by  d  0,  and  integrate,  we  shall  further 
have 

6  |  J 

—  =  sin  0 sin  2  0  -f  —  sin  3  0  —  &c. 

2  2  '  3 


1 


±f 


cos  (n  -f  1)0  +  cos  n  0  , . 


2(1  +  cos0) 

Now  it  is  demonstrable,  from  other  and  independent  princi- 
ples, that,  when  n  is  infinite,  the  right-hand  member  of  this 

equation,   omitting  the  integral,  is  the  true  development  of 
t 
— ,  for  all  values  of  0  not  exceeding  it.     Hence  we  may  infer 

Z 

that,  for  n  =s  oo ,  this  integral  is  necessarily  zero.  If  we  sup- 
press it  therefore,  we  shall  commit  no  error  in  the  expression 

0 
for  — ;  but  a  very  considerable  error  will  be  introduced  if  we 

S5 

attempt  to  derive  from  that  expression,  thus  limited  to  the 
particular  case  of  n  =  oo ,  a  series  of  other  equations,  by  the 
aid  of  differentiation,  as  is  commonly  done.  If  the  evanescent 
integral  be  restored,  we  may  then  apply  the  process  of  differ- 
entiation as  far  as  we  please :  our  resulting  equations  will  all 
be  identical  equations ;  holding,  whatever  be  the  value  of  w, 
and  supplying  the  necessary  corrections  of  those  erroneous 
developments  which,  in  the  case  of  n  =  oo ,  are  so  commonly 
met  with  in  analysis. 

I  have  elsewhere  observed  that  differentiation  fails  to  be 
applicable  to  the  series 

*  Communicated  by  the  Author. 
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a  111 

—  =  sin  0  —  —  sin  2  9  +  —  sin  3  0 r  sin  4  0  +  . . . . 

2  2  3  4 

in  the  isolated  case  of  n  ==  oo ;  and  it  is  plain  that  in  this  case 

—  sinra0  is  0,  though  sinw0  is  itself  indeterminate ;  the  inde- 

terminateness  is  therefore  rendered  nugatory.  But  if  differ- 
entiation be  allowed,  this  indeterminateness  reappears  in 
cos  ii  0,  in  the  right-hand  member  of  the  result,  though  the 
left-hand  member  remains  determinate,  which  is  absurd. 
Still  we  are  not  precluded  from  applying  differentiation  to  the 
general  forms  above,  since  these  are  universally  true ;  they 
comprehend  all  values  of  w,  and  are  identical.  It  is  in  virtue 
of  this  identity,  and  of  this  alone,  that  the  results  of  differen- 
tiation may  safely  be  extended  to  n  =  oo ,  although  for  this 
isolated  value  of  n  differentiation  be  inapplicable. 


I  have  very  little  to  say  in  reference  to  Mr.  Moon's  attack 
in  the  last  Number  of  this  Magazine.  The  papers  which  have 
called  it  forth, — whether  justly  or  not,  I  leave  others  to  deter- 
mine,— Mr.  Moon  confesses  that  he  does  not  understand ; 
and  humiliating  as  such  a  confession  may  seem,  the  whole 
tenor  of  his  remarks  shows  that  he  is  sincere. 

I  beg  to  say,  that  I  did  not  write  expressly  for  Mr.  Moon, 
and  Mr.  Moon  therefore  cannot  reasonably  expect  that  I 
should  attend  to  his  demand,  and  define  the  terms  I  use.  I 
have  employed  nothing  but  the  recognised  language  of  ana- 
lysis, and  I  cannot  undertake  to  encumber  the  pages  of  this 
Journal  with  a  glossary  of  scientific  terms  for  Mr.  Moon's 
especial  benefit;  if  he  will  only  take  the  trouble  to  turn  to 
the  Penny  Cyclopaedia,  Mr.  De  Morgan  will  fully  instruct 
him  in  all  these  things. 

The  occasion  of  my  mentioning  Mr.  Moon's  name  was  this : 
— I  found  Mr.  Moon,  in  the  June  Number  of  this  Magazine, 
floundering  amidst  difficulties  which  he  showed  himself  un- 
able to  cope  with.  I  had  long  previously  contemplated  a 
paper,  of  which  the  main  object  was  to  remove  those  difficul- 
ties, and  in  drawing  it  up  for  this  Journal,  I  could  not  well 
avoid  the  mention  of  Mr.  Moon's  name.  But  I  mentioned 
it  with  the  most  scrupulous  courtesy  and  i*espect;  I  was  espe- 
cially anxious  on  this  point,  on  account  of  the  peculiarities 
which  Mr.  Moon  had  so  often  displayed  in  his  published 
communications;  so  anxious  indeed  was  I  to  avoid  offence, 
that — at  the  risk  of  losing  all  credit  for  discrimination — I  even 
went  the  length  of  calling  him  "an  able  contributor  to  this 
Journal !"     As  I  have  already  said,  I  did  not  certainly  write 
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expressly  for  Mr.  Moon,  but  the  instruction  conveyed  to  him 
through  my  short  papers,  was  precisely  that  of  which  he  ob- 
viously stood  in  need.  Instead  of  accepting  this  with  thanks, 
he  ungratefully  turns  round  and  bites  the  hand  that  brings 
him  aid ;  and,  not  content  with  this,  he  is  ungenerous  enough, 
artd  unjust  enough,  to  say,  that  everything  in  those  papers, 
which  is  not  erroneous,  has  already  been  given  by  himself! 

Belfast,  February  9,  1846.  J.  R.  YoUNG. 

[We  omit  the  remainder  of  Mr.  Young's  letter,  in  which  he  animadverts 
upori  Mr.  Moon  in  terms  which  the  communications  of  the  latter  seem 
well-calculated  to  provoke.  The  same  discretion  has  been  exercised  with 
regard  to  some  parts  of  Mr.  Moon's  letter  in  the  present  number,  as  from 
the  character  which  the  controversy  has  assumed,  we  are  not  disposed  to 
devote  any  more  of  our  space  to  its  continuance. — Edit.] 


XLII.  Mr.  Moon  in  Reply  to  Jesuiticus*. 

A  FTER  the  notice  which  appeared  in  the  last  Number  of 
:**■  this  Journal  respecting  his  previous  papers,  there  would 
be  an  obvious  impropriety  in  the  writer  of  the  following  re- 
marks attempting  to  force  on  the  Editors  of  the  Magazine  any 
matter  which  would  tend  to  produce  further  discussionf  on 
the  subject  to  which  he  has  of  late  called  attention,  except  so 
far  as  he  be  driven  to  do  so  in  self-defence.  As,  however,  the 
views  to  which  the  Editors  afforded  the  means  of  publication 
have  been  openly  attacked  in  this  Journal,  their  author  con- 
ceives he  has  a  right  to  say  a  few  words  in  their  behalf. 


An  anonymous  writer,  who  subscribes  himself  Jesuiticus, 
commences  certain  animadversions  on  my  first  paper  on  Fres- 
nel's  Theory  of  Double  Refraction,  by  the  remark,  that  "  the 
hypothesis  on  which  FresnePs  Theory  of  Double  Refraction 
is  based  is  the  following : — '  That  the  displacement  of  a  mole- 
cule of  the  vibrating  medium  in  a  crystallized  body  is  resisted 
by  different  elastic  forces  according  to  the  different  directions 
in  which  the  displacement  takes  place.' " 

He  then  proceeds  to  make  some  remarks  on  the  reason- 
ableness of  this  hypothesis,  which  it  is  not  my  present  pur- 
pose to  dispute;  but  I  must  beg  to  observe,  en  passant,  that 
the  above  is  not  the  hypothesis  on  which  FresnePs  Theory  of 

*  Communicated  by  the  Author. 

+  We  omit  some  portions  of  Mr.  Moon's  communication,  where  he  ap- 
pears to  us  to  have  lost  sight  of  his  declared  purpose  of  confining  himself 
to  self-defence,  and  has  introduced  matter  "  tending  to  produce  further 
discussion." — Ewt. 
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Double  Refraction  is  based.  It  rests  on  a  lower  level  still. 
The  true  basis  of  the  theory  is,  that  the  eethereal  medium 
consists  of  particles  separated  by  finite  intervals  (to  use  a  well- 
known,  but  improper  mode  of  expression),  and  acting  upon 
each  other  by  their  mutual  attractions.  From  this  principle, 
the  so-called  fundamental  hypothesis  of  Jesuiticus  is  a  suffi- 
ciently easy  inference :  I  have  thought  it  necessary  to  remark 
upon  this  inaccuracy,  however,  as  from  the  extraordinary  want 
of  precision  of  the  writers  on  this  subject,  it  is  somewhat  dif- 
ficult to  say  what  is  their  real  starting-point ;  at  the  same  time, 
that  in  order  to  make  a  proper  estimate  of  Fresnel's  theory, 
and  of  the  skill  and  judgement  with  which  he  has  worked  it 
out,  it  is  very  desirable  that  that  fact  should  be  clearly  ascer- 
tained. 

Jesuiticus  afterwards  goes  on  to  say,  "It  is  then  proved,  that 
if  any  particle  of  the  eether  be  suddenly  displaced,  the  other 
particles  remaining  quiescent,  the  force  of  restitution  developed 
by  such  disturbance  will  not  in  general  be  in  the  direction  of 
the  displacement,  but  only  when  such  displacement  is  in  the 
direction  of  the  aforesaid  axes  of  elasticity.  The  elegant  de- 
monstration of  Mr.  Smith,  quoted  by  Mr.  Moon,  is  by  Mr. 
Moon's  own  showing  fully  adequate  to  establish  the  theorem 
as  I  have  enunciated  it,  which  is  doubtless  the  sense  in  which 
Fresnel  conceived  it." 

I  admit  that  Mr.  Smith's  demonstration  is  fully  adequate  to 
establish  the  theorem  as  Jesuiticus  has  enunciated  it,  but  I 
must  beg  to  assure  Jesuiticus,  that  unless  the  demonstration 
establishes  a  great  deal  more  than  the  theorem  so  enunciated, 
it  is  not,  for  the  purpose  for  which  it  is  adduced,  worth  the 
paper  it  is  written  upon.  What  is  the  use  of  considering  the 
impossible  case  of  a  single  particle  suddenly  disturbed  while 
all  the  other  particles  remain  quiescent,  and  then  reasoning 
upon  what  takes  place  in  the  beginning  of  the  motion  in  that 
case,  as  if  the  same  held  good  throughout  the  whole  motion  in 
the  actual  case,  when  all  the  particles  are  vibrating  together, 
when  it  is  perfectly  certain  that  it  does  not? 

Jesuiticus  says,  "Any  one  who  understands  the  subject 
must  at  once  acknowledge  that  any  theory  of  light  must  be, 
to  a  considerable  extent,  imaginative ;  and  that  theory  which 
can  explain  the  greatest  number  of  facts  ought  to  claim  the 
attention  of  the  philosopher  more  than  any  other."  Of  the 
justice  of  the  remark  contained  in  the  first  part  of  the  above 
sentence,  Fresnel's  theory  is  no  doubt  a  remarkable  confirma- 
tion ;  in  the  sentiment  of  the  second  clause  of  it  I  am  disposed 
to  concur,  with  the  reservation  that  some  portion  of  the  credit 
due  to  a  theory  depends  on  its  antecedent  probability.     But 
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mark  what  follows: — "  It  is  to  this  that  the  undulatory  theory 
owes  its  great  celebrity,  and  of  all  parts  of  the  undulatory 
theory,  that  of  double  refraction  is  the  most  extraordinary.  It 
ought  to  be  regarded  as  a  stupendous  monument  of  human 
ingenuity.  It  must  not  be  forgotten  how  admirably  the  pro- 
perties of  uniaxal  crystals  follow  from  the  general  investiga- 
tion of  the  biaxal  class ;  but  above  all,  how  from  this  same 
investigation,  conical  and  cylindrical  refraction  were  disco- 
vered by  Sir  William  Hamilton." 

I  would  ask  of  Jesuiticus,  what  is  the  hypothesis  upon 
which  Fresnel  professes  to  explain  the  separation  of  the  ray  ? 
Whether  it  is  not  substantially  what  I  have  stated  it  to  be  in 
the  early  part  of  this  paper  ?  And  if  so,  I  appeal  to  the  world 
whether  1  have  not  shown  incontrovertibly  in  my  two  papers 
on  this  subject  contained  in  the  last  two  Numbers  of  the  Phi- 
losophical Magazine,  that  Fresnel  entirely  fails  to  explain  the 
separation  of  the  ray  on  that  hypothesis.  It  may  be  true  that 
some  of  Fresnel's  expressions  for  the  disturbance  in  doubly 
refracted  and  other  polarized  waves  may  involve  in  them  cer- 
tain elements  of  truth  (though  for  my  own  part  1  should  be 
sorry  to  answer  for  any  of  them) ;  but  they  do  not  on  that  ac- 
count afford  any  evidence  of  the  truth  of  his  principles,  for 
this  plain  reason,  that  they  do  not  follow  from  them.  It  may 
happen,  that  from  the  ruins  to  which  this  great  theory  must 
soon,  if  it  be  not  already  reduced,  may  be  gathered  some 
useful  fragments  which  may  form  part  of  a  new  and  more  du- 
rable edifice ;  but  Jesuiticus  may  take  my  word  for  it,  or  if  he 
do  not  choose  to  do  that,  he  will  not  have  long  to  wait  for  the 
verification  of  the  prediction,  that  the  time  is  at  hand  when 
Fresnel's  theory  will  be  considered  as  a  "  stupendous  monu- 
ment "  of  anything  else  but  ingenuity.  As  to  the  supposed 
discoveries  of  conical  and  cylindrical  refraction,  if  Jesuiticus 
had  been  aware  of  their  very  doubtful  character,  he  would 
hardly  have  ventured  to  have  brought  them  so  prominently 
forward.  #i;  '*•'•»'  •  * 

As  to  the  investigation  which  I  examined  in  the  first  of  my 
two  papers,  I  do  not  doubt  that  Mr.  Airy  considered  it  merely 
as  an  illustration ;  but  even  in  that  point  of  view,  and  without 
adverting  to  the  error  which  I  pointed  out  in  his  reasoning, 
it  would  be  entirely  worthless,  as  it  is  obvious  that  the  state 
of  things  he  contemplates  could  only  exist  for  a  single  mo- 
ment, whereas  the  results  he  deduces  are  supposed  to  be 
always  subsisting.  His  object  is  to  show  that  an  undulation 
consisting  of  transversal  vibrations  might  be  propagated  ac- 
cording to  a  certain  law,  when  even  on  his  own  premises  it  is 
quite  obvious  that  if  the  disturbance  originally  communicated 
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were  of  that  character,  it  would  immediately  cease  to  be  so, 
or  in  short,  that  a  transversal  undulation  (if  I  may  be  per- 
mitted the  expression)  would  not  be  propagated  according  to 
any  law.  With  a  full  sense  of  the  value  of  Mr.  Airy's  con- 
tributions to  other  departments  of  science,  I  cannot  shut  my 
eyes  to  the  fact,  that  by  allowing  such  investigations  as  the 
one  under  consideration  (which  but  for  its  adopted  parentage 
would  not  be  worth  a  comment)  to  pass  not  merely  Avithout 
censure,  but  with  apparent  sanction,  he  has  introduced  an 
absence  of  precision, — a  laxity  of  principle  (so  to  speak)  into 
mathematical  inquiries,  which  has  produced  the  most  injurious 
effects  both  in  the  mixed  and  the  pure  sciences. 

But  to  come  to  the  error  which  Jesuiticus  imagines  he  has 
found  in  my  reasoning.    He  says,  "  that  in  substituting  for  u, 


and  for  w', 


du7       d*u   W       0 


du  7       d?  u  h2        n 
dx         d  xz  1 .  2 


the  substitutions  stopping  at  7i2,  merely  require  that  h  should 
be  small  in  comparison  with  the  length  of  a  wave,  not  in  re- 
spect to  u" 

It  is  true  that  if  we  suppose  the  initial  disturbance  to  be 

2  TV 

represented  by  a  sin  —  (v  t  —  x),  the  substitutions  stopping  at 

/i2  are  defensible  on  the  ground  suggested  by  Jesuiticus ;  but 
does  Jesuiticus  conceive  that  when  Mr.  Airy  wrote  out  this 
demonstration,  he  ever  thought  about  the  length  of  the  wave, 
or  any  other  circumstance  connected  with  the  initial  vibration  ? 
If  he  does,  I  can  only  say  that  he  is  a  very  extraordinary  per- 
son. In  my  paper  I  took  Mr.  Airy's  investigation  for  what 
it  purported  to  be,  namely  a  proof  that  a  certain  hypothesis 
as  to  the  disposition  of  the  particles  and  the  nature  of  their 
mutual  action,  without  reference  to  the  form  of  the  initial  dis- 
turbance, leads  to  the  conclusion  that  transversal  undula- 
tions may  be  propagated ;  and  in  that  point  of  view  I  have 
no  hesitation  in  saying  it  entirely  fails ;  and,  independently 
of  all  others,  on  the  ground  I  have  pointed  out,  i.  c.  of  false 
approximation.  If  Jesuiticus  has  any  doubt  as  to  whether 
Mr.  Airy  did  or  did  not  consider  himself  to  have  proved  the 
proposition  generally,  I  would  recommend  to  his  attention 
Art.  127  of  Mr.  Airy's  Tract,  in  which  he  takes  the  general 
integral  of  the  equation 
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Jf~  n  \         2U  h  dt* 
to  wit,  u  =  <p  (r  t  —  p  x), 

which  he  would  not  have  been  justified  in  doing  if  he  had  not 
proved  the  general  proposition.         *         *         *         * 
Liverpool,  February  10,  1846. 

XLIII.  Proceedings  of  Learned  Societies. 

ROYAL  SOCIETY. 

Jan.  15,  "  f\N  the  Viscous  Theory  of  Glacier  Motion."  By 
184-6.  "  James  D.  Forbes,  Esq.,  F.R.S.  &c.  Part  II*.  "  An 
attempt  to  establish  by  observation  the  Plasticity  of  Glacier  Ice." 

The  two  first  sections  of  the  present  memoir  are  occupied  with  a 
critical  examination  of  the  theory  advanced  by  De  Saussure  to  ac- 
count for  the  progressive  motion  of  glaciers,  which  he  considered  as 
formed  of  masses  of  rigid  and  inflexible  ice,  and  with  the  further 
explanations  of  that  theory  given  by  Ramaud,  BischofF,  Agassiz,  and 
Studer.  The  author,  on  the  other  hand,  regarding  these  masses  as 
possessing  a  considerable  degree  of  plasticity,  explains  on  that  sup- 
position the  phenomena  they  present ;  and,  in  the  third  section  of 
the  paper,  he  relates  a  series  of  experiments  which  he  carried  on  in 
the  Mer  de  Glace,  near  Chamouni,  in  the  summer  of  1844,  with  a 
view  to  determine  by  direct  measurement  the  relative  motion  of 
different  parts  of  the  glacier.  This  he  accomplished  by  selecting  a 
spot  on  the  western  side  of  the  Mer  de  Glace,  between  Trelaporte 
and  1* Angle,  where  the  ice  was  compact  and  free  from  fissures,  and 
erecting  on  the  surface  a  row  of  posts  at  short  distances  from  one 
another,  in  a  line  transverse  to  the  general  direction  of  the  moving 
mass.  He  was  thus  enabled  to  discover  by  trigonometrical  observa- 
tions the  movements  of  different  points  in  this  line ;  and  he  ascer- 
tained that  they  advanced  more  and  more  rapidly  in  proportion  as 
they  were  distant  from  the  sides  of  the  glacier ;  and  that  when  not 
under  the  influence  of  neighbouring  crevasses,  these  motions  were 
gradual  and  uninterrupted  ;  as  was  shown  by  the  lines  carried 
through  the  posts  forming,  after  the  lapse  of  a  few  days,  a  continuous 
curve,  of  which  the  convexity  was  turned  towards  the  lower  end  of 
the  glacier. 

"  An  Account  of  the  Southern  Magnetic  Surveying  Expedition." 
By  Lieut.  H.  Clerk,  R.A.,  in  a  letter  to  Lieut.-Colonef  Sabine,  R.A., 
F.R.S.     Communicated  by  Lieut.-Colonel  Sabine. 

The  letter,  which  is  dated  from  the  Magnetical  Observatory  at  the 
Cape  of  Good  Hope,  June  28,  1845,  reports  the  return  to  the  Cape 
of  the  Pagoda  from  her  voyage  to  the  high  southern  latitudes  after 
the  successful  completion  of  the  magnetical  service  on  which  she  had 
been  employed  by  direction  of  the  Lords  Commissioners  of  the  Ad- 
miralty, at  the  request  of  the  President  and  Council  of  the  Royal 
Society. 

*  An  Abstract  of  Part  I.  will  be  found  at  p.  538,  vol.  xxvi.,  of  this  Journal. 
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January  22. — "  On  the  Supra-renal,  Thymus  and  Thyroid  Bo- 
dies." By  John  Goodsir,  Esq.  Communicated  by  Richard  Owen, 
Esq.,  F.R.S.  &c. 

In  this  paper,  the  author  enters  on  the  developement  of  the  theory 
he  advanced  two  years  ago  with  regard  to  the  origin  and  nature  of 
the  supra-renal,  thymus  and  thyroid  bodies,  and  the  correctness  of 
which,  with  certain  modifications,  he  has  been  enabled  to  confirm  by 
subsequent  observation  and  reflection.  His  hypothesis  was  that  the 
three  organs  in  question  are  the  remains  of  the  blastoderma ;  the 
thyroid  being  the  developement  of  a  portion  of  the  original  cellular 
substance  of  the  germinal  membrane  grouped  around  the  two 
branches  of  the  omphalo-mesenteric  vein  ;  the  supra-renal  capsules, 
the  developements  of  other  portions  grouped  around  the  omphalo- 
mesenteric arteries;  and  the  thymus,  the  developement  of  the  inter- 
mediate portion  of  the  membrane  arranged  along  the  sides  of  the 
embryonic  visceral  cavity.  He  has  since  ascertained,  however,  that 
the  thyroid  body  derives  its  origin  in  a  portion  of  the  included  mem- 
brana  intermedia  remaining  in  connexion  with  anastomosing  vessels 
between  the  first  and  second  aortic  arches,  or  carotid  and  subclavian 
vessels.  He  considers  these  organs  as  essentially  similar  in  their 
structure,  as  well  as  in  their  origin  in  continuous  portions  of  the 
blastoderma  situated  along  each  side  of  the  spine,  and  extending 
from  the  Wolfian  bodies  to  the  base  of  the  cranium :  the  develope- 
ment of  the  supra-renal  capsules  having  relation  to  the  omphalo- 
mesenteric vessels  ;  the  thymus,  to  the  jugular  and  cardinal  veins  and 
ductus  Cuvieri ;  and  the  thyroid  gland,  to  the  anastomosing  branches 
of  the  first  and  second  aortic  arches.  The  functions  of  these  organs 
he  regards  as  being  analogous  to  those  of  the  blastoderma;  with  this 
difference,  however,  that  as  the  blastoderma  not  only  elaborates 
nourishment  for  the  embryo,  but  absorbs  it  also  from  without,  that 
is,  from  the  yolk,  the  developed  organs  only  elaborate  the  matter 
which  has  already  been  absorbed  by  the  other  parts,  and  is  now  cir- 
culating in  the  vessels  of  the  more  perfect  individual. 

January  29. — "  On  the  Use  of  the  Barometric  Thermometer  for 
the  determination  of  Relative  Heights."  By  James  R.  Christie, 
Esq.    Communicated  by  S.  Hunter  Christie,  Esq.,  Sec.  R.S.,  &c. 

The  objects  of  this  communication,  as  stated  by  the  author,  are, 
first,  to  show  the  theoretical  foundation  of  the  very  simple  law 
pointed  out  by  Professor  Forbes,  according  to  which  the  difference 
of  the  boiling  temperature  of  water  at  two  stations  is  connected  with 
their  difference  of  level ;  and  next,  to  test  the  accuracy  of  this  law 
by  a  comparison  of  results  deduced  from  his  own  observations  on  the 
boiling-point  of  water  at  different  stations  among  the  Alps  of  Savoy, 
Piedmont  and  Switzerland,  with  the  heights  of  the  same  stations  as 
determined  by  other  observers  and  by  different  means ;  and  thus  to 
arrive  at  a  just  conclusion  with  respect  to  the  value  of  the  barometric 
thermometer  as  an  instrument  for  determining  differences  of  level. 

Combining  DeLuc's  formula  reduced  to  English  units, 

b=  JUL  log  10/3-60-804, 
•899     6 
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where  b  is  the  variable  boiling-point  on  Fahrenheit's  scale  and  (3  the 
corresponding  barometric  pressure,  with  the  formula  of  Laplace  for 
the  determination  of  the  difference  in  level  of  two  stations  from  ba- 
rometric observations,  he  obtains  the  formula 

H  =  54-7-99  (b  -  V)  1 1  +  (t  -  32°)  -00222  j , 

where  b  and  b'  are  the  boiling-points  on  Fahrenheit's  scale  at  the 
two  stations,  t  the  mean  temperature  of  the  air  at  the  stations,  and 
H  their  difference  of  level  in  English  feet. 

The  author  describes  the  particular  instrument  he  employed  in 
his  observations,  and  his  mode  of  determining  the  correction  which 
it  required ;  and  then  gives,  in  a  table,  the  observations  he  made  on 
the  boiling-point  of  water  at  thirty-eight  different  stations  in  the 
Alps ;  the  heights  of  the  corresponding  stations  above  the  sea  level, 
deduced  from  these  observations ;  and,  for  the  purpose  of  compari- 
son, the  heights  of  the  same  stations  deduced  by  other  observers. 
The  difference  between  these  and  some  of  the  author's  results  are 
considerable  ;  but  as  they  are  not  greater  than  would  probably  arise 
from  ordinary  barometric  measurements,  and  as  there  is  a  close  ac- 
cordance between  his  results  and  the  determinations  on  which  the 
greatest  reliance  can  be  placed,  he  concludes  that  the  results  are  on 
the  whole  satisfactory.  Considering  it,  however,  desirable  to  obtain 
some  test  of  the  accuracy  of  each  observation  independently  of  the 
rest  of  the  series,  the  author  avails  himself  of  the  barometric  ob- 
servations made  at  the  Observatory  at  Geneva  and  at  the  Convent 
of  the  Great  St.  Bernard ;  and  determining  from  these  the  corre- 
sponding temperature  of  boiling  water,  deduces  the  difference  of 
level  between  each  of  his  stations  and  these  two  places  considered 
as  fixed  points :  the  sum  of  the  height  above  Geneva  and  the  de-? 
pression  below  the  Great  St.  Bernard  should  in  all  cases  be  the  dif- 
ference of  level  between  the  two  fixed  stations.  Although  there  are 
here  again  considerable  discrepancies,  yet  in  most  cases,  where  the 
height  of  the  station  may  be  considered  as  well-established,  the  height 
deduced  from  the  observations  agrees  with  it  in  a  very  remarkable 
manner. 

In  another  table,  the  author  gives  the  difference  of  level  between 
the  Observatory  at  Geneva  and  the  Great  St.  Bernard,  deduced  from 
the  recorded  observations  at  those  places  simultaneous  with  his  own 
at  his  various  stations;  and  then  remarks  that  the  differences  of  height 
determined  by  the  two  methods  do  not  differ  from  one  another,  in 
any  single  case,  by  so  large  a  quantity  as  do  the  greatest  and  least 
differences  of  height  deduced  from  the  barometric  observations  ; 
while  in  many  cases  the  accordance  is  almost  perfect. 

The  conclusion  drawn  from  the  comparisons  in  these  tables  is, 
that  the  barometric  thermometer  is  capable  of  affording  highly  ac- 
curate and  satisfactory  results,  perhaps  even  more  so  than  the  com- 
mon form  of  barometer,  but  that  there  is  considerable  uncertainty 
attached  to  its  indications.  This  uncertainty,  far  from  being  wholly 
attributable  to  the  imperfections  of  the  instrument  as  a  measure  of 
the  atmospheric  pressure,  might,  the  author  thinks,  arise  from  an 
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extreme  susceptibility  to  rapid  changes  in  that  pressure,  which  re- 
main unindicated  by  the  more  sluggish  barometer. 

"  On  the  Decomposition  and  Analysis  of  the  Compounds  of  Am- 
monia and  Cyanogen."  By  Robert  Smith,  Esq.,  Ph.  D.  Communi- 
cated by  Captain  William  Henry  Smyth,  P..N.,  F.R.S. 

This  paper  is  divided  into  four  parts ;  the  first  relates  to  the  de- 
composition of  ammonia  and  its  compounds ;  by  the  compounds  of 
chlorine,  and  the  collection  and  measurement  of  the  nitrogen  gas 
which  is  disengaged,  the  amount  of  which  the  author  considers  as 
furnishing  a  ready  and  accurate  mode  of  estimating  the  quantity  of 
ammonia  in  the  solution  subjected  to  analysis.  The  chloride  of  lime 
was  the  salt  usually  employed  for  this  purpose :  this  method  is  re- 
garded by  the  author  as  being  peculiarly  applicable  to  the  analysis 
of  organic  substances. 

The  second  part  treats  of  the  decomposition  and  estimation  of 
hydrocyanic  acid  and  its  compounds  by  means  of  chloride  of  lime, 
yielding  nitrogen  gas  and  carbonate  of  lime ;  a  process  which  occu- 
pies but  a  few  seconds.  In  some  cases,  the  employment  of  chloride 
of  soda  is  preferable  to  that  of  chloride  of  lime,  on  account  of  the 
solubility  of  all  the  compounds  that  are  formed.  The  author  found 
the  same  method  applicable  also  to  the  analysis  of  the  salts  of  cya- 
nogen ;  for  the  cyanides  of  the  alkalies  are  decomposed  by  it  as 
rapidly  as  the  pure  acid  itself.  The  ferro-cyanides  are  also  very 
readily  decomposed. 

The  author,  in  the  third  part  of  his  paper,  relates  the  results  of 
his  trials  of  the  hypochlorites  as  agents  for  the  decomposition  of  uric 
acid,  which  proved  so  satisfactory  as  to  induce  him  to  believe  that 
these  salts  might  be  advantageously  used  as  solvents  of  uric  calculi 
in  the  living  bladder.  He  also  proposes  the  employment  of  chloride 
of  lime  as  a  ready  and  accurate  mode  of  estimating  the  quantity  of 
nitrogen  contained  in  urine,  from  the  amount  of  gas  disengaged  by 
its  action  on  the  nitrogenous  compounds.  In  the  last  part,  the  ap- 
paratus used  in  the  experiments  is  described. 

"  On  a  point  connected  with  the  dispute  about  the  invention  of 
Fluxions."  By  Augustus  De  Morgan,  Esq.,  M.A.,  F.R.A.S.,  &c. 
Communicated  by  Samuel  Hunter  Christie,  Esq.,  Sec.  R.S.,  &c. 

An  assertion  made  by  Sir  Isaac  Newton  in  a  letter  to  Conti,  pub- 
lished in  Raphson's  History  of  Fluxions,  that  the  materials  of  the 
Commercium  Epistolicum  were  "  collected  and  published  by  a  nu- 
merous Committee  of  gentlemen  of  different  nations,  appointed  by 
the  Royal  Society  for  that  purpose,"  appeared  to  be  at  variance  with 
the  list  of  the  Committee  as  it  was  appointed  on  the  6th  of  March, 
1711-12,  and  which  only  contains  the  names  of  Arbuthnot,  Hill, 
Halley,  Jones,  Machin  and  Burnet,  who  were  all  English.  But  on 
further  search  of  the  records  of  the  Society  with  the  aid  of  Mr.  Weld, 
the  Assistant  Secretary,  the  author  ascertained  that  other  members 
were  subsequently  added  to  the  Committee,  among  whom  were 
Bonet,  the  Prussian  minister,  and  De  Moivre,  both  of  whom  were 
foreigners ;  thus  showing  that  the  imputations  which  might  have 
been  cast  on  Newton's  veracity  are  groundless. 
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February  5,  184-6 "  On  the  Secretory  Apparatus  and  Function 

of  the  Liver."     By  C.  Handfield  Jones,  M.D.     Communicated  by 
Sir  Benjamin  C.  Brodie,  Bart.,  F.R.S. 

The  author  is  led  by  his  researches  into  the  minute  structure  of 
the  liver,  to  results  which  confirm  the  view  of  Mr.  Bowman,  in  op- 
position to  those  of  Mr.  Kiernan  on  this  subject :  and  particularly 
with  regard  to  the  absence  of  real  tubercular  ducts  from  the  interior 
of  the  lobules.  He  concludes  that  the  secreting  process  commences 
in  the  rows  of  epithelial  cells  surrounding  the  central  axis  of  the 
lobule,  and  that  the  fluid  there  secreted  is  transmitted  to  the  cells 
forming  the  margin  of  the  lobule,  where  it  is  further  elaborated, 
and,  by  the  bursting  of  these  cells,  is  conveyed  into  the  cavity  of  the 
surrounding  duct.  A  few  diagrams  are  annexed,  illustrative  of  the 
descriptions  of  microscopic  structure  given  in  the  paper. 

"  An  Account  of  some  Experiments  on  the  Electro-Culture  of 
Farm  Crops."  By  Mr.  William  Sturgeon.  Communicated  by  S. 
Hunter  Christie,  Esq.,  Sec.  U.S.,  &c. 

Grass  grown  on  a  parallelogram  of  land,  fifty-five  yards  long  by 
twenty-two  yards  wide,  enclosed  by  underground  wires,  was  found 
to  be  much  more  abundant  than  in  any  other  part  of  the  field ; 
especially  in  a  plot  "  upwards  of  fifty  yards  long,  whose  breadth  was 
within  the  wires,  and  nearly  at  right  angles  to  the  axis  of  the  paral- 
lelogram." This  plot  of  grass  was  principally  on  the  western  side 
of  the  wires,  and  extended  but  a  very  little  way  on  the  eastern  side. 
The  axis  of  the  wire-enclosed  parallelogram  was  in  the  magnetic 
meridian. 

"  On  the  Comet  of  1844-45."  By  John  Collingwood  Haile,  Esq. 
Communicated  by  Charles  Terry,  Esq.,  F.R.S. 

The  author  gives  a  series  of  observations,  accompanied  by  a  dia- 
gram, made  by  him  at  Auckland,  in  New  Zealand,  on  the  comet  of 
1844-45,  which  there  appeared  on  the  20th  of  December  1844  and 
disappeared  on  the  30th  of  January  following,  having  been  visible 
forty-two  days.  Its  most  remarkable  feature  was  that  during  its 
greatest  brilliancy,  the  nucleus  was  not  surrounded  by  the  nebulous 
matter,  but  was  situated  at  the  very  extremity  of  the  head,  and  at 
times  even  appeared  quite  detached. 
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June  13,  1845. — Observations  of  the  Solar  Eclipse  of  1845,  May 
5,  and  of  the  Transit  of  Mercury  of  1845,  May  8,  in  a  Letter  from 
W.  Lassell,  Esq. 

"  Starfield,  Liverpool,  10th  June,  1845. 

"  I  send  you  such  observations  as  I  have  been  able  to  make  of  the 
late  solar  eclipse  and  transit  of  Mercury,  for  which  the  weather  was, 
in  some  respects,  but  very  unfavourable. 

"  May  5,  1845.     With  a  very  unpromising  sky  I  prepared  to  ob- 
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serve  the  first  contact  of  the  solar  eclipse,  by  placing  that  part  of  the 
sun's  limb  (then  very  indistinct)  which  the  moon  would  first  touch, 
between  the  parallel  threads  of  the  micrometer,  applied  to  the  nine- 
feet  equatoreal,  with  a  power  of  ninety- six  times. 

"  As  the  time  of  contact  approached  the  sky  somewhat  cleared, 
and  the  moon's  first  impression  took  place  at  23h  14™  37s,8  sidereal 
time,  or  20h  18m  24s*  17  mean  time  at  the  observatory.  During  the 
greatest  part  of  the  obscuration  the  sky  was  very  cloudy,  but  towards 
the  end  it  cleared,  and  the  last  contact  was  well  observed  at  lh  33m 
48s,9  sidereal,  or  22h  37m  12s,45  mean  time.  No  phenomena  be- 
yond what  is  usual  occurred ;  nor  was  there,  to  my  senses,  any  per- 
ceptible diminution  of  light  on  the  landscape. 

"  May  8.  For  the  transit  of  Mercury  the  appearances  a  short  time 
before  it  began  were  still  more  unpromising.  During  the  forenoon 
we  had  several  showers,  with  a  most  gloomy  sky ;  and  even  as  late 
as  half-past  three  p.m.  we  had  a  smart  shower  of  close,  small  rain. 
A  little  change  for  the  better  occurred  shortly  before  four,  and  I  had 
just  time  to  set  the  micrometer  by  the  sun's  limb  after  he  became 
visible,  and  get  settled  at  the  telescope,  when  the  first  notch  was  cut 
out  by  the  planet.  The  sun's  limb  was  beautifully  sharp,  but  occa- 
sionally obscured  by  passing  clouds.  From  the  time,  however,  of 
the  first  impression  until  the  planet  had  advanced  about  two  of  its 
diameters  upon  the  disc  of  the  sun,  it  was  generally  unclouded,  and 
the  atmosphere  remarkably  tranquil.  The  first  contact  took  place 
at  7h  13m  36s,3  sidereal  time,  or  4h  8m  12s36  mean  time.  The  in- 
ternal contact,  or  complete  immersion  of  the  planet,  took  place  at 
7h  16m  483,7  sidereal,  or  4h  llm  24s,24  mean  time.  Both  times  were 
carefully  and,  I  believe,  accurately  noted.  Whilst  the  planet  was 
traversing  the  edge  of  the  sun,  an  apparent  distortion  took  place,  the 
parts  of  the  sun's  edge,  or  limb,  in  contact  with  the  planet,  appear- 
ing rounded  off;  and  a  moment  or  two  before  the  complete  immer- 
sion of  the  planet,  an  appearance  analogous  to  Mr.  Baity' s  beads 
took  place, — the  planet  apparently  breaking  contact  two  or  three 
times  with  the  sun's  limb  before  the  final  separation  occurred.  Mer- 
cury had  also,  to  my  eye,  somewhat  of  a  pear-like  shape  previously 
to  his  entering  quite  within  the  sun's  disc.  When  he  had  advanced 
two  or  three  of  his  diameters,  the  clouds  rapidly  thickened,  and  1 
saw  him  no  more. 

"  I  take  this  opportunity  of  stating,  that  a  late  redetermination  of 
the  longitude  of  my  Observatory  depending  upon  the  lately  deter- 
mined longitude  of  the  Liverpool  Observatory,  inclines  me  to  adopt 
finally  llm  47s-34  as  my  longitude  west  of  Greenwich,  which  differs 
scarcely  a  quarter  of  a  second  from  that  given  in  my  paper  contained 
in  the  forthcoming  volume  of  the  Society's  Memoirs. 

"  The  latitude  I  have  also  redetermined  lately  by  transits  of  seven 
stars  over  the  prime  vertical,  giving  53°  25'  3"*5  as  the  mean  re- 
sult." 

Observations  of  the  Transit  of  Mercury  made  at  Aylesbury  by 
Thomas  Dell,  Esq.     Communicated  by  Dr.  Lee. 

"  Transit  of  Mercury. — The  first  contact  of  the  two  limba  was  in- 
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visible,  the  sun  being  obscured  by  heavy  clouds ;  but  almost  imme- 
diately afterwards  it  broke  through  them,  and  the  interior  contact 
of  the  limbs  was  well  observed  at  4h  18m  33s  mean  time.  The  sun 
was  covered  by  light  fleecy  clouds,  through  which  it  was  distinctly 
visible,  and  the  discs  of  both  the  sun  and  Mercury  were  most  beauti- 
fully and  sharply  defined  until  5h  1 2m,  when  the  whole  sky  became 
densely  overcast,  and  continued  so  until  after  sunset.  The  time  of 
interior  contact  is,  I  believe,  accurate  to  a  second,  as  the  error  of  the 
chronometer  had  been  determined  at  the  sun's  transit  at  noon." 

Mathematical  Society. — After  the  conclusion  of  the  business  of  the 
Ordinary  Meeting,  a  Special  General  Meeting  was  held  to  take  into 
consideration  a  subject,  of  which  due  notice  had  been  given  to  the 
Fellows  by  the  following  circular : — 

"Somerset  IIoii3e,  June  5th,  1845. 
"  Sir, — I  have  the  honour  of  notifying  to  you,  that  in  pursuance 
of  a  Resolution  of  the  Council,  passed  on  Friday,  the  23rd  of  May 
last,  a  Special  General  Meeting  of  this  Society  will  be  held  at  the 
Society's  apartments  on  Friday,  the  13th  day  of  June  instant,  im- 
mediately after  the  business  of  the  Ordinary  Meeting  to  be  held  on 
that  day  is  concluded,  for  the  purpose  of  taking  into  consideration 
and  deciding  upon  a  recommendation  of  the  Council  to  suspend  upon 
that  occasion  the  Bye-laws  relative  to  the  Election  of  Fellows,  and 
to  elect  as  Fellows  of  this  Society  the  remaining  Members  of  the 
Mathematical  Society  (now  reduced  to  nineteen  in  number,  of  whom 
three  are  already  Fellows),  without  payment  of  the  usual  Admission 
Fees  and  Annual  Contributions  (or  compositions  in  lieu  thereof),  the 
Mathematical  Society  having  announced  its  resolution  to  transfer 
its  valuable  Library,  with  its  Records  and  Memorials,  to  the  Royal 
Astronomical  Society. — I  have  the  honour  to  be,  Sir,  your  most  obe- 
dient servant, 

"  Robert  Main,  Secretary." 

It  was  then  moved  by  Professor  De  Morgan,  and  seconded  by  Mr. 
Galloway,  and  resolved  unanimously, — 

"  That  the  recommendation  of  the  Council  in  the  circular  now 
read  be  approved  and  adopted  by  this  Meeting  ;  and  that,  on  the  Li- 
brary, Records,  and  Memorials  of  the  Mathematical  Society  being 
delivered  over  to  this  Society,  the  remaining  Members  of  the  Ma- 
thematical Society  be  admitted  Fellows  of  the  Royal  Astronomical 
Society  without  payment  of  the  admission  fees  or  annual  contribu- 
tions required  by  the  Bye-laws." 

November  14. — The  President  announced  that  the  whole  of  the 
books  of  the  late  Mathematical  Society  had  been  delivered  over  to  this 
Society,  and  had  been  arranged  by  Mr.  Stratford,  who  would  acquaint 
the  meeting  with  a  few  of  the  particulars. 

Mr.  Stratford  stated  that  the  books  received  consisted  of 
76  volumes  folio 
622       .  .       4to. 
1442       .  .       8vo. 
311        .  .       12mo. 
Phil.  Mgp.  S.  3.  Vol.  28.  No.  186.  March  1846.  It 
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131  books  not  bound  or  catalogued;  and  tbat  6  volumes  were  yet 
to  be  delivered  :  that  the  Council  had  this  day  determined  to  com- 
plete the  deficient  sets  of  the  most  valuable  works,  to  rearrange  the 
library,  and  to  prepare  a  new  catalogue,  uniting  the  books  of  the  two 
societies  as  early  as  possible. 

It  was  then  moved  by  the  Rev.  R.  Sheepshanks,  seconded  by  Mr. 
Drach,  and  resolved  unanimously,  that  the  warm  thanks  of  the  meet- 
ing be  given  to  Mr.  Stratfoi'd,  for  the  trouble  which  he  had  taken  in 
behalf  of  the  Society,  in  carrying  into  effect  the  resolution  of  the 
last  meeting  with  regard  to  the  Mathematical  Society. 

Sir  J.  Herschel  exhibited  to  the  meeting  a  model  of  the  surface  of 
the  moon,  constructed  by  Frau  Hofriithinn  Witte,  a  lady  resident  in 
Hanover,  from  her  own  observations  made  with  an  achromatic  tele- 
scope by  Fraunhofer,  placed  in  a  small  observatory  on  the  roof  of  her 
dwelling-house,  in  that  city.  The  model  is  composed  of  a  mixture 
of  mastic  and  wax,  forming  a  globe  1 2  inches  8y  lines,  Paris  measure, 
in  diameter,  on  which  the  positions  and  general  outlines  of  the 
craters,  and  other  remarkable  features  of  the  moon's  surface,  were 
in  the  first  instance  laid  down  from  the  latitudes  and  longitudes 
given  by  Messrs.  Baer  and  Madler  in  their  work  entitled  Der  Mond, 
and  from  their  chart  of  the  moon,  and  the  modeling  performed  (with 
the  aid  of  a  magnifying- glass)  from  the  actual  appearance  of  the 
objects  as  presented  in  the  telescope  above  mentioned.  The  globe 
in  question  is  the  ten  millionth  part  of  the  actual  diameter  of  the 
moon,  in  which  proportion,  therefore,  the  horizontal  linear  dimen- 
sions of  the  several  mountains,  &c.  are  laid  down.  But,  in  respect 
of  the  height,  a  double  proportion  is  adopted,  since  otherwise  the  re- 
lative heights  would  have  been  with  difficulty  distinguishable  on  so 
small  a  model.  Sir  J.  Herschel  having  explained  the  nature  and 
mode  of  construction  of  this  admirable  work  (of  which  only  one  other 
exists,  now  in  the  Royal  Museum  of  Berlin — both  being  originals, 
and  attempts  to  multiply  copies  by  taking  plaster  casts  having 
hitherto  failed),  pointed  out  several  of  the  principal  craters,  and  ex- 
plained the  nomenclature  adopted  by  Messrs.  Baer  and  Madler  in 
their  work  referred  to,  in  describing  the  several  characteristic  pecu- 
liarities of  the  moon's  surface.  The  model  was,  on  the  breaking  up 
of  the  meeting,  submitted  to  the  closer  inspection  of  the  members. 

December  12. — On  a  Direct  Method  of  determining  the  Distance 
of  a  Comet  by  Three  Observations.     By  J.  J.  Waterston,  Esq. 

The  following  is  the  author's  explanation  of  his  method  : — 

"  It  is  well  known  that  three  observations  of  a  comet  afford  suffi- 
cient data  for  computing  its  distance  from  the  earth  independently 
of  any  assumption  as  to  the  orbit  in  which  it  moves.  The  formula 
is,  I  believe,  originally  due  to  Lambert,  and  appears  in  the  works  of 
the  principal  mathematicians  who  have  given  analytical  solutions  of 
the  problem  by  the  differential  method.  It  is  unfortunate  that  the 
nature  of  the  equation  does  not  admit  of  much  precision  in  the  re- 
sults of  the  calculation,  which  are  consequently  apt  to  be  greatly 
affected  by  small  errors  of  observation.  The  disturbing  power  of 
these  unavoidable  inaccuracies  varies  much  according  to  the  condi- 
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tions  of  the  problem,  and  it  is,  perhaps,  impossible  to  recognise  it 
in  the  analytical  expression  without  a  much  greater  effort  of  the  at- 
tention than  can  be  given  when  merely  computing  an  orbit.  With 
good  observations  the  method  has  the  advantage  of  revealing  any 
obvious  tendency  to  an  ellipse  or  hyperbola ;  and,  besides,  it  will 
in  most  cases  afford  a  useful  approximation  to  begin  with  in  com- 
puting the  parabolic  formulae.  As  to  the  expediency  of  putting  the 
observations  to  this  preliminary  test  in  all  cases,  there  would,  per- 
haps, be  little  difference  of  opinion,  if  the  labour  of  computation  in 
doing  so  were  available  in  the  last  part  of  the  process,  and  if  the  con- 
ditions upon  which  the  degree  of  accuracy  depends  could  be  easily 
distinguished. 

"  The  object  of  this  paper  is  to  submit  to  the  Astronomical  So- 
ciety an  account  of  a  method  which  has  occurred  to  me  of  solving 
the  equation  by  means  of  a  constant  curve,  and  to  show  how  the 
preliminary  calculation  may  be  made  available  in  Olbers's  parabolic 
method,  and  likewise  in  a  differential  method,  without  requiring  the 
original  equatoreal  position  in  either  case  to  be  transferred  to  the 
ecliptic.  The  conditions  of  accuracy  also  become  so  apparent  in 
using  this  curve,  that  the  effect  of  an  error  of  right  ascension  or  de- 
clination may  be  estimated  by  inspection. 

"  The  method  of  solution  is  derived  from  the  projection  of  the  three 
observations  on  the  plane  perpendicular  to  the  direction  of  the  motion 
of  the  comet  at  the  middle  epoch.  The  earth's  orbit  being  projected, 
its  deflection,  caused  by  the  sun's  attraction,  is  brought  into  view, 
and  since  its  apparent  direction  is  the  same  as  that  of  the  sun,  and 
the  projected  direction  of  the  sun  from  the  comet  is  the  same  as  at 
the  earth,  the  radii  vectores  of  both  being  identical  on  the  projection ; 
it  is  clear  if  the  differentials  at  the  middle  time  are  alone  considered 
that  the  deflection  of  the  orbit  of  the  comet,  as  it  appears  on  the 
plane  of  projection,  coincides  in  direction  with  the  projected  deflec- 
tion of  the  earth's  orbit,  and  that  its  magnitude  depends  on  a  function 
of  the  angle  at  the  comet.  We  thus  obtain  the  means  of  forming  an 
equation  for  the  angle  at  the  comet  in  terms  of  the  deflection 
of  the  earth's  orbit ;  and  this  equation,  although  derived  from  a 
simple  geometrical  construction,  appears  to  be  similar  to  that  which 
is  given  in  the  analytical  discussion  of  the  problem  by  Laplace,  La- 
grange, Legendre,  and  Airy.  It  depends  wholly  on  the  effect  of  the 
sun's  centripetal  force  during  the  elapsed  time  as  it  appears  on  the 
plane  of  projection ;  and,  as  this,  in  the  short  differential  period  of 
a  few  days,  bears  but  a  small  proportion  to  the  projection  of  its  chord, 
or  velocity,  the  results  are  much  more  liable  to  be  affected  by  the 
unavoidable  errors  of  observation  than  if  the  equation  expressed  the 
same  unknown  quantity  in  terms  of  the  velocity.  But  in  the  last 
case  we  have  to  suppose  the  nature  of  the  conic  section  known,  in 
the  first  no  assumption  of  the  kind  is  required,  the  deflecting  effect 
of  the  sun's  force  being  necessarily  the  same  in  all  orbits  at  the  same 
central  distance. 

"  The  equation  for  the  angle  at  the  comet  is  solved  by  drawing  one 
line  on  the  constant  curve,  and  the  preliminary  computation  required 
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to  do  so  affords  an  expression  for  the  ratio  of  the  distances  at  the 
first  and  third  ohservations  on  the  usual  assumption  that  the  chord 
is  divided  in  the  ratio  of  the  times. 

"  This  expression  may  be  converted  into  the  elegant  form  given 
by  Olbers,  so  that  it  is  identical  with  the  value  of  M  in  his  formulae, 
and  is  expressed  in  terms  that  are  likewise  required  in  drawing  the 
line  on  the  constant  curve. 

"  An  example  is  given  from  the  Trevandrum  observations  of  the 
great  comet  of  1843.  The  formulae  are  also  applied  to  Gottinger's 
observations  of  the  second  comet  of  1813.  A  copy  of  the  constant 
curve  is  given  upon  a  separate  sheet,  and  the  lines  of  these  examples 
drawn.  The  co-ordinates  of  the  curve  consist  of  the  cotangent  and 
cube  of  the  sine.  It  is  easily  constructed  by  the  common  tables.  If 
drawn  with  ordinary  care,  it  will  give  the  reading  of  the  angle  at  the 
eomet  to  greater  nicety  than  even  the  best  observations  can  afford. 

"  I  have  appended  a  modification  of  Olbers's  formula?  for  the  radii 
vectores  and  chord  adapted  to  equatoreal  positions,  and  involving  the 
use  of  the  angular  quantities  already  computed  for  the  use  of  the  con- 
stant curve.  The  additional  work  of  computation  does  not  appear  to 
be  so  great  as  that  which  is  required  to  convert  the  right  ascension 
and  declination  into  latitude  and  longitude  ;  and,  besides,  it  is  easier 
to  compare  observations  with  the  computed  elements  when  the  latter 
are  referred  to  the  equator.  The  inclination  of  the  orbit  and  posi- 
tion of  the  nodes  are  transferred  to  the  ecliptic  by  the  solution  of  one 
spherical  triangle. 

"  In  the  recent  improvements  which  Olbers  has  made  in  his  me- 
thod, by  expanding  Euler's  formula  into  a  series  and  reversing,  the 
means  are  afforded  of  constructing  a  small  table  which  shortens  con- 
siderably the  process  of  finding  the  distance  by  trial  and  error.  An- 
other improvement  consists  in  the  new  expression  given  for  the  chord 
being  more  favourable  to  accurate  computation.  I  have  included  a 
form  of  the  same  kind  in  terms  of  the  right  ascension  and  declina- 
tion which  is  almost  wholly  made  up  of  angular  quantities  that  have 
already  been  prepared  and  used  with  the  constant  curve. 

"  In  the  last  part  of  the  paper  an  expression  for  the  angle  at  the 
comet  is  given  to  be  used  with  the  differential  method  which,  in  sol- 
ving by  trial  and  error,  requires  only  five  tabular  references." 

Extract  of  a  Letter  from  Sir  John  Herschel  to  the  President, 
dated  Collingwood,  November  29,  1845. 

"Being  on  the  subject  of  the  satellites  of  Saturn,  I  will  mention 
here  a  singularity  which,  though  obvious  enough,  has  not  (so  far  as 
I  am  aware)  been  noticed  before,  viz.  that  the  periodic  time  of  the 
first  satellite  (first  in  order  of  the  ring)  is  precisely  half  that  of  the 
third,  and  the  periodic  time  of  the  second  precisely  half  that  of  the 
fourth.  This  is  far  too  remarkable  and  close  a  coincidence  to  be 
merely  casual,  and  (the  second  satellite  being  a  certainty)  the  exten- 
sion of  the  law  to  the  first  (a  law  so  out  of  the  way  and  unlikely) 
would  of  itself  be  evidence  of  its  real  existence,  even  had  it  not  been 
(as  it  now  certainly  has  been)  re-observed.  If  such  atoms  perturb 
one  another's  motions,  there  must  be  some  very  odd  secular  equations 
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arising  from  this  singularity.  It  is  not  worth  while  to  make  a  for- 
mal communication  of  such  a  thing  to  the  Astronomical  Society ;  but 
if  you  think  it  worth  your  verbal  mention  at  the  meeting,  it  may  be 
interesting  to  those  (if  any)  who  are  busy  about  satellitary  pertur- 
bations." 

On  a  new  Double-image  Micrometer,  communicated  in  a  Letter 
to  the  President  by  Professor  Powell. 

"  My  dear  Sir, — The  following  suggestion  for  a  very  simple  double- 
image  micrometer  occurred  to  me  a  few  years  ago ;  but  not  having 
much  practical  acquaintance  with  these  matters,  I  should  hardly  have 
supposed  it  to  possess  novelty  or  prospect  of  utility  enough  to  render 
it  worthy  the  notice  of  the  Astronomical  Society,  had  you  not  en- 
couraged me  to  communicate  it. 

"  The  optical  principle  is  merely  that  of  a  ray  of  light,  refracted 
obliquely  through  a  plate  of  glass  with  parallel  surfaces,  and  emer- 
ging parallel  to,  but  not  coincident  with,  its  original  direction. 

"  If,  then,  such  a  plate  intercept  half  the  cone  of  rays  going  from 
the  object-glass  of  a  telescope  to  its  focus,  there  will  be  formed,  at 
the  focus,  besides  the  direct,  a  deviated  image ;  and  the  angular  de- 
viation will  be  dependent  on  the  inclination,  the  thickness,  and 
the  refractive  power  of  the  glass,  involving  a  constant  factor  to 
be  found  by  observation  for  the  particular  instrument,  agreeably  to 
the  following  formula,  which  may  be  easily  tabulated  for  all  incli- 
nations. 

"  If  <f>  and  <pl  be  the  angles  of  incidence  and  refraction,  and  t  the 
thickness  of  the  plate,  a  moment's  consideration  will  shew  that  the 
oblique  path  of  the  ray  within  the  plate  =  t .  sec  01 ;  and,  for  the 
angular  space  9  between  the  direct  and  the  deviated  ray,  c  being  the 
constant  for  the  instrument,  we  have 

6=c  .  t .  sec0'  sin  (sin  <£— 01). 

"  If  such  a  plate  be  placed  within  the  tube  of  a  telescope  between 
the  object-glass  and  its  focus,  so  that  a  variable  inclination  can  be 
given  to  it,  and  a  graduated  circle  be  read  off  outside  ;  then,  when 
the  plate  is  perpendicular  to  the  axis  there  will  be  no  deviation  ;  but, 
when  it  is  inclined,  the  deviation,  found  as  above,  will  give  the 
measurement  of  a  small  angular  space,  as  in  other  double-image 
micrometers. 

"  The  less  the  thickness  of  the  glass,  the  greater  will  be  the  range 
of  the  scale  for  a  very  small  deviation. 

"  The  idea  has  as  yet  been  put  to  trial  only  in  a  very  rough  man- 
ner ;  and  I  offer  it  without  at  all  being  able  to  say  whether  serious 
practical  difficulties  may  not  arise,  which  can  only  be  decided  on  a 
more  accurate  construction ;  or  should  no  such  objection  occur,  it 
still  remains  to  be  seen  whether  this  suggestion  may  afford  any  use- 
ful addition  to  the  micrometrical  resources  already  in  the  hands  of 
the  observer,  so  as  at  least  to  be  available  in  some  cases  :  but  these 
are  points  on  which  the  practical  astronomer  alone  can  judge  ;  and  it 
is  mainly  in  the  hope  that  it  may  receive  such  examination  that  I 
submit  this  idea  to  the  Astronomical  Society. — I  remain,  &c, 

"  Baden  Powell, 
"  Oxford,  December  7th,  1845."  "  Savilian  Professor  of  Geometry." 
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XLIV.  Intelligence  and  Miscellaneous  Articles. 

EXPERIMENTS  ON  THE  SPOTS  ON  THE  SUN. 

AT  the  meeting  of  the  American  Philosophical  Society,  June  20, 
1845,  Prof.  Henry  of  Princeton,  U.S.,  made  the  following 
communication  of  a  series  of  experiments  made  by  himself  and  Prof. 
Alexander  relative  to  the  spots  on  the  sun. 

His  attention  was  directed  to  this  subject,  by  an  article  in  the  Sep- 
tember number  of  the  Annates  de  Chimie,  by  M.  Gautier,  upon  the 
influence  of  the  spots  on  the  sun  on  terrestrial  temperature.  It  is 
well  known  that  Sir  William  Herschel  entertained  the  idea,  that  the 
appearance  of  solar  spots  was  connected  with  a  more  copious  emis- 
sion of  heat,  and  that  the  seasons  during  which  they  were  most  abun- 
dant were  most  fruitful  in  vegetable  productions  ;  and  pursuing  this 
idea,  he  was  led  to  trace  an  analogy  between  the  price  of  corn  and 
the  number  of  solar  spots  during  several  successive  periods.  The 
result  of  this  investigation,  so  far  as  it  was  extended,  seemed  to  fa- 
vour the  views  of  this  distinguished  philosopher.  A  mode  of  inves- 
tigation of  this  kind,  however,  is  not  susceptible  of  any  great  degree 
of  accuracy ;  the  price  of  corn  is  subject  to  so  many  other  causes  of 
variation  besides  that  of  solar  temperature,  that  little  reliance  can  be 
placed  on  it. 

M.  Gautier  has  attempted  to  investigate  the  influence  of  the  solar 
spots  on  terrestrial  temperature,  by  comparing  the  temperature  of 
several  places  on  the  earth's  surface,  during  the  years  in  which  the 
spots  were  most  abundant,  with  those  in  which  the  smallest  number 
were  perceptible.  From  all  the  observations  collected,  it  seems  to 
be  indicated,  that  during  the  years  in  which  the  spots  were  the  great- 
est in  number,  the  heat  has  been  a  trifle  less  ;  but  the  results  are  far 
from  being  sufficiently  definite  to  settle  the  question  :  and  M.  Gautier 
remarks,  that  a  greater  number  of  years  of  observation  at  a  greater 
number  of  stations,  will  be  necessary  to  establish  a  permanent  con- 
nexion between  these  phenomena. 

The  idea  occurred  to  Prof.  Henry,  that  much  interesting  informa- 
tion relative  to  the  sun  might  be  derived  from  the  application  of  a 
thermo-electric  apparatus  to  a  picture  of  the  solar  disc,  produced  by 
a  telescope,  on  a  screen,  in  a  dark  room.  This  idea  was  communi- 
cated to  Prof.  Alexander,  who  readily  joined  in  the  plan  for  reducing 
it  to  practice.  It  was  agreed  that  they  should  first  attempt  to  settle 
the  question  of  the  relative  heat  of  the  spots  as  compared  with  the 
surrounding  luminous  portions  of  the  sun's  disc.  The  first  experi- 
ments were  made  on  trie  4th  of  January  1845.  Mr.  Alexander  had 
observed,  a  few  days  previous,  a  very  large  spot,  more  than  10,000 
miles  in  diameter,  near  the  middle  of  the  disc.  To  produce  the  image 
of  this  spot,  a  telescope  of  four  inches  aperture,  and  four  and  a  half 
feet  focus,  was  placed  in  the  window  of  a  dark  room,  with  a  screen 
behind  it,  on  which  the  image  of  the  spot  was  received.  The  instru- 
ment was  placed  behind  the  screen,  with  the  end  slightly  projecting 
through  a  hole  made  for  the  purpose,  and  a  small  motion  of  the  te- 
lescope was  sufficient  to  throw  the  image  of  the  spot  off  or  on  the  end 
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of  the  pile.  The  spot  was  very  clearly  defined,  and  might  have  been 
readily  daguerreotyped,  had  the  telescope  been  furnished  with  an 
equatorial  movement.  The  form  of  the  penumbra  of  the  spot,  as  it 
appeared  on  the  screen,  was  that  of  an  irregular  oblong,  about  two 
inches  in  one  direction,  and  an  inch  and  a  half  in  the  other.  The 
dark  central  spot  within  the  penumbra  was  nearly  square,  of  about 
three-fourths  of  an  inch  on  the  side,  and  a  little  larger  than  the  end 
of  the  thermo-pile. 

The  method  of  observation  consisted  in  first  placing,  for  example, 
a  portion  of  the  picture  of  the  luminous  surface  of  the  sun  in  con- 
nexion with  the  face  of  the  pile,  and  after  noting  the  indication  of 
the  needle  of  the  galvanometer,  the  telescope  was  then  slightly  moved, 
so  as  to  place  the  dark  part  of  the  spot  directly  on  the  face  of  the 
pile,  the  indication  of  the  needle  being  again  noted.  In  the  next  set 
of  experiments  the  order  was  reversed  ;  the  picture  of  the  spot  at  the 
beginning  of  the  experiment  was  placed  in  connexion  with  the  pile, 
and  afterward  a  new  part  of  the  luminous  portion  of  the  disc  was 
made  to  occupy  the  same  place. 

j;  The  thermo-electrical  apparatus  used  in  these  experiments  was 
made  by  Ruhmkorff  of  Paris  ;  and  in  order  to  render  the  galvano- 
meter more  sensitive,  two  bar  magnets,  arranged  in  the  form  of  the 
legs  of  a  pair  of  dividers,  were  placed  with  the  opening  downwards, 
in  a  vertical  plane,  above  the  needle,  so  that,  by  increasing  or  dimi- 
nishing the  angle,  the  directive  power  of  the  needle  could  be  increased 
or  diminished,  and,  consequently,  the  sensibility  of  the  instrument 
could  be  varied,  and  the  zero  point  changed  at  pleasure. 

In  the  present  experiments,  in  order  to  mark  more  definitely  the 
difference  in  temperature,  after  the  needle  had  been  deflected  by  the 
heat  of  the  sun,  the  magnetic  bars  above  mentioned  were  so  arranged 
as  to  repel  it  back  to  near  the  zero  point,  so  that  it  might,  in  this 
position,  receive  the  maximum  effect  of  any  variation  in  the  electri- 
cal current. 

Twelve  sets  of  observations  were  made  on  the  first  day,  all  of  which, 
except  one,  gave  the  same  indication,  namely,  that  the  spot  emitted 
less  heat  than  the  surrounding  part*  of  the  luminous  disc.  The  follow- 
ing is  a  copy  of  the  record  made  at  the  time  of  the  observations. 
The  degrees  are  those  marked  on  the  card  of  the  galvanometer,  and 
are  of  course  arbitrary. 

Spot,  3°^  Sun,  5°|. 

Sun,  4°f.  Spot,  4°. 

Sun,  3°.  Spot,  4%. 

Spot,  l°f .  Sun,  5°. 

Spot,  2°.  Sun,  4%. 

Sun,  3°.  Spot,  3°£. 

Sun,  2°±.  Sun,  2°. 

Spot,  2°.  Spot,  3°£*. 

Spot,  2°.  Spot,  0°f. 

Sun,  2°£.  Sun,  2°l. 

*  At  this  observation  a  slight  cloud  probably  passed  over  the  sun's  disc. 
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Spot,  4°f .  Sun,  1%. 

Sun,  5°.  Spot,  0°. 

The  change  in  the  temperature  during  the  intervals  of  observation, 
is  due  to  the  variations  in  the  temperature  of  the  room  differently- 
affecting  the  two  extremities  of  the  pile. 

In  consequence  of  cloudy  weather,  another  set  of  observations  were 
not  obtained  until  the  10th  of  January,  and  at  this  time  the  spot  had 
very  much  changed  its  appearance  ;  the  penumbra,  while  it  retained 
its  dimensions  in  one  direction,  was  much  narrowed  in  the  other,  and 
the  dark  part  was  separated  into  two  small  ones ;  also  the  sky  was 
not  perfectly  clear,  and  therefore  the  results  were  not  as  satisfactory 
as  those  of  the  previous  observations  ;  the  indications  were,  however, 
the  same  as  in  the  other  sets,  exhibiting  a  less  degree  of  heat  from 
the  spots. 

Cloudy  weather  prevented  other  observations  on  the  heat  of  dif- 
ferent parts  of  the  sun,  particularly  a  comparison  between  the  tem- 
perature of  the  centre  and  the  circumference  of  the  disc,  which  would 
have  an  important  bearing  on  the  question  of  an  atmosphere  of  the 
sun.  The  observations  will  be  continued,  and  any  results  of  interest 
which  may  be  obtained  will  be  communicated  to  the  Society. 


METHOD    OF    PURIFYING    OXIDE    OF    URANIUM    FROM  NICKEL, 
COBALT  AND  ZINC.       BY  PROF.  WOHLER. 

When  the  oxide  of  uranium,  in  its  preparation  from  the  pitchblende, 
has  been  so  far  purified  as  to  be  dissolved  in  carbonate  of  ammonia, 
sulphuret  of  ammonia  is  carefully  and  gradually  mixed  with  the  solu- 
tion as  long  as  a  black  precipitate  falls.  In  this  way  nickel,  cobalt 
and  zinc  are  entirely  separated,  without  any  uranium  being  thrown 
down. — Liebig's  Amialen,  Oct.  1845. 


ON  SOME  NEW  DOUBLE  HALOID  SALTS.       BY  M.  POGGIALE. 

Protochloride  of  Antimony  and  Chloride  of  Ammonium. — The 
protochloride  of  antimony  combines  with  chloride  of  ammonium  in 
two  proportions.  When  protochloride  of  antimony  is  added  to  a 
solution  of  that  salt,  it  dissolves  readily,  and  only  a  slight  turbidness, 
arising  from  the  formation  of  some  oxychloride,  is  perceptible.  On 
evaporating  the  liquid  at  a  gentle  heat,  at  first  beautiful  rectangular 
prisms  are  obtained,  and  subsequently  hexahedrons  or  hexahedral 
pyramids.  The  first  are  3NH3  HC1,  SbCl3  +  3HO,  and  the  latter 
2NH3  HC1,  SbCl3  +  2HO.  Both  salts  are  colourless  and  transparent ; 
they  become  yellow  and  opake  in  moist  air,  but  are  very  permanent 
in  dry  air,  and  are  coloured  yellow  in  the  mother-ley  when  heated ; 
they  are  likewise  decomposed  by  a  large  quantity  of  water. 

Protochloride  of  Antimony  and  Chloride  of  Potassium. — This 
salt  is  deliquescent,  becomes  yellow  on  exposure  to  the  air,  is  de- 
composed by  water  and  also  by  heat ;  it  forms  laminar  crystals,  the 
composition  of  which  is  3KC1,  SbCl3.  The  mother-ley  yields,  on 
spontaneous  evaporation,  hexahedral  crystals  of  2KC1,  SbCl3. 
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Protochloride  of  Antimony  and  Chloride  of  Sodium  forms  laminar 
crystals,  having  the  composition  3NaCl,  SbCl3. 

Protochloride  of  Antimony  and  Chloride  of  Barium. — When  the 
solution  of  the  chloride  of  barium  is  very  dilute,  the  two  salts  sepa- 
rate on  cooling,  the  chloride  of  barium  crystallizes  in  tablets,  while 
the  protochloride  of  antimony  decomposes  the  water.  It  is  there- 
fore necessary,  in  order  to  obtain  this  compound,  to  use  concen- 
trated solutions.  It  is  obtained  in  minute  radiately-grouped  needles, 
the  composition  of  which  is  represented  by  2BaCl,  SbCl3  +  5HO. 
The  protochloride  of  antimony  combines  in  the  same  way  with  chlo- 
ride of  strontium,  chloride  of  calcium,  and  chloride  of  magnesium. 

Protochloride  of  Tin  and  Chloride  of  Ammonium  forms  beautiful 
fascicular  needles,  which  are  permanent  in  the  air,  but  are  decom- 
posed by  water.  The  analysis  of  this  salt,  which  had  been  pre- 
viously obtained  by  Jacquelain,  gave  the  formula  2NH3,  SnCl,  HO 
+  3HO. 

Protochloride  of  Tin  and  Chloride  of  Potassium  is  obtained  by 
direct  combination  of  the  two  salts,  and  crystallizes  in  beautiful  long 
needles,  which  are  isomorphous  with  the  preceding  salts.  Its  for- 
mula is  2KC1,  SnCl  -*■  3HO. 

Protochloride  of  Tin  and  Chloride  of  Barium  yields,  on  sponta- 
neous evaporation,  beautiful  prisms,  the  protochloride  of  tin  and 
chloride  of  strontium  long  needles.  They  are  represented  by  the 
formulas  BaCl,  SnCl  +  4HO  and  SrCl,  SnCl  +  4HO. 

Chloride  of  Sodium  and  Magnesium  consists  of  NaCl,  2MgCl 
+  2HO. 

Iodide  of  Silver  and  Ammonium. — Iodide  of  ammonium  dissolves 
iodide  of  silver,  forming  with  it  a  deliquescent  double  salt.  It  con- 
tains 2NH3,  HI,  Agl. 

Iodide  of  Lead  and  Sodium  crystallizes  in  yellow  shining  laminae. 
It  is  obtained  by  adding  a  slight  excess  of  iodide  of  sodium  to  a  hot 
solution  of  iodide  of  lead,  and  placing  the  liquid  in  a  warm  spot. 
Its  formula  is  Nal,  2PbI. 

Iodide  of  Zinc  and  Sodium  yields,  on  spontaneous  evaporation, 
prismatic  radiately-grouped  needles.  It  is  colourless,  readily  soluble 
in  water  and  deliquescent.     Its  formula  is  Nal,  Znl. 

Chloride  and  Iodide  of  Lead  is  obtained  by  dissolving  iodide 
of  lead  in  a  'solution  of  chloride  of  ammonium.  On  cooling, 
numerous  yellowish  crystals  separate,  which  assume  the  form  of 
needles,  and  consist  of  Pbl,  2PbCl.  On  evaporating  the  mother- 
ley,  crystals  are  obtained  of  2NH3  HC1,  Pbl  +  2HO,  in  the  form 
of  minute,  silky,  ramified  needles ;  they  become  yellow  in  the  air, 
and  are  decomposed  by  water. 

Chloride  and  Acetate  of  Lead. — This  is  formed  when  chloride 
of  lead  is  boiled  in  a  porcelain  dish  with  teracetate  of  lead,  to 
which  subsequently  a  slight  addition  of  acetic  acid  is  made.  The 
solution  is  evaporated  at  a  gentle  heat,  when  colourless  shining  cry- 
stals separate  on  cooling.  The  salt  has  a  sweetish  astringent  taste, 
effloresces  readily  in  the  air,  and  melts  at  180°;  it  loses  its  water  of 
crystallization  at  228°.   The  salt  is  readily  soluble  in  water  ;  alcohol 
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decomposes  it,  and  precipitates  chloride  of  lead.     Several  analyses 
yielded  the  formula  PbCl,  SPbO  C4  H*  O3  +  15HO. 

Iodide  and  Carbonate  of  Lead  is  prepared  by  digesting  carbonate 
of  lead  with  iodide  of  lead  until  the  excess  of  iodide  of  lead  has 
dissolved.  This  salt  is  yellow  and  insoluble  in  water.  Its  formula 
is  Pbl,  PbO,  CO'K—Comptes  Rendus,  p.  1 180. 


ON  THE  VOLATILE  ACIDS  OF  CHEESE.      BY  MM.  ILJENKO  AND 
LASKOWSKI. 

The  authors  cut  fifty  pounds  of  Limbourg  cheese,  which  possessed 
a  very  strong  odour,  into  small  pieces,  mixed  them  with  water,  and 
submitted  the  mixture  to  distillation  in  a  large  alembic,  water  being 
occasionally  added  during  several  days.  By  this  operation  a  some- 
what turbid  ammoniacal  liquor  was  obtained,  which  was  supersatu- 
rated with  sulphuric  acid  and  again  distilled.  The  product  was  after- 
wards saturated  with  barytes  water ;  the  salt  obtained  was  evapo- 
rated to  its  crystallizing  point ;  the  acid  was  again  separated  and 
converted  into  a  salt  of  silver.  Analysis  showed  that  this  volatile 
acid  was  entirely  valerianic  acid. 

The  residue  was  afterwards  saponified  by  means  of  potash,  the 
soap  decomposed  by  potash,  and  subjected  to  a  fresh  distillation, 
and  there  was  thus  obtained  an  acid  liquid  which  was  saturated  with 
barytes  and  evaporated  to  crystallize ;  it  yielded  a  mixture  of  seve- 
ral salts  of  barytes,  which  were  separated  by  means  of  their  different 
solubility  in  water.  The  rough  salt  was  mixed  with  seven  parts  of 
water  and  heated  to  boiling ;  the  caproate  of  barytes  dissolved,  and 
afterwards  separated  in  crystalline  tufts  of  considerable  size,  whilst 
the  butyrate  remained  in  solution ;  this  was  converted  into  a  salt  of 
silver  and  analysed. 

The  barytic  salts,  which  were  not  dissolved  by  the  seven  parts  of 
boiling  water,  were  composed  of  caproate  and  caprylate  of  barytes ; 
and  they  also  were  separated  by  their  different  solubility. 

It  appears  then  that  cheese  contains  the  following  volatile  acids  : 

Butyric  acid C4  H8  O2 

Valerianic  acid. .  C5  H10  O2 

Caproic  acid. . . .  C6H1202     . 

Caprylic  acid    . .  C8  H16  O2 

Capric  acid    C20  H°-°  O2 

Valerianic  acid  occurs  in  the  largest  quantity,  and  its  presence 
had  been  previously  discovered  by  M.  Balard  in  the  cheese  of  Ro- 
quefort. All  these  acids,  it  will  be  observed,  are  homologous  sub- 
stances. 

The  authors  also  performed  some  experiments  on  the  fused  por- 
tion of  cheese ;  they  obtained  by  means  of  boiling  alcohol  perfectly 
crystalline  margarine  from  it;  it  was  fusible  at  127°  Fahr.,  and 
margaric  acid  was  obtained  from  it.  The  rough  margarine  was  mixed 
with  some  liquid  glycerine.  Unaltered  caseine  was  also  present,  so- 
luble in  boiling  water  and  insoluble  in  alcohol.     There  was  also  pre- 
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sent  lime,  a  little  magnesia,  soda,  potash,  traces  of  iron,  phosphoric 
acid,  chlorine  and  sulphuric  acid. — Journ.  de  Pharm.  et  de  Ch.,  De- 
cembre  1845. 


ON  THE  DOUBLE  SALTS  OF  THE  MAGNESIAN  GROUP. 

M.  J.  Isidore  Pierre  has  paid  particular  attention  to  the  salts  of 
this  group,  including  those  of  magnesia,  oxide  of  copper,  zinc,  nickel, 
cobalt,  manganese  and  iron. 

The  author  observes,  that  it  is  well  known  that  Prof.  Graham  has 
stated,  with  respect  to  the  sulphates  of  the  above-named  bases,  that 
one  of  the  equivalents  of  water  cannot  be  eliminated,  except  at  a 
much  higher  temperature  than  is  required  for  the  others  ;  that  this 
equivalent  may  be  replaced  by  an  equivalent  of  a  salt,  so  that  the 
double  salt  formed  contains  one  equivalent  less  of  water  than  if  each 
of  the  two  simple  sulphates  had  brought  all  its  water  of  crystalliza- 
tion into  the  molecule  of  the  double  salt  which  results  from  their 
combination. 

M.  Pierre  states  that  the  results  which  he  has  obtained  do  not 
confirm  those  of  Prof.  Graham ;  he  found  that  sulphate  of  zinc  con- 
tains, as  generally  admitted,  43*72  per  cent.,  or  seven  equivalents  of 
water ;  and  he  ascertained  that  by  exposing  it  for  a  long  time  to  a 
temperature  of  230°  Fahr.  and  a  current  of  dry  air,  that  it  lost  43"  6 
per  cent.,  or  the  whole  of  its  water,  which  is  at  variance  with  Gra- 
ham's result,  who  found  that  it  required  a  heat  of  400°  Fahr.  to  ex- 
pel the  seventh  equivalent  of  water. 

Double  Sulphate  of  Zinc  and  Potash. — This  salt  is  readily  prepared 
by  mixing  together  hot  solutions  of  equivalents  of  sulphate  of  zinc 
and  bisulphate  of  potash,  and  allowing  crystallization  to  take  place. 
The  crystals  are  beautiful  small,  milk-white  parallelogrammic  tables  ; 
this  salt  is  soluble  in  two  and  a  half  times  its  weight  of  boiling  water, 
but  much  less  soluble  in  cold  water,  for  it  crystallizes  abundantly 
on  the  cooling  even  of  an  imsaturated  solution. 

When  exposed  gradually  to  a  heat  of  356°  to  392°  Fahr.,  it  efiio- 
resces  without  fusing  in  its  water  of  crystallization,  which  it  loses 
completely  and  pretty  rapidly  at  this  temperature,  the  amount  being 
27'49  per  cent.  The  author's  analysis  gives  as  the  formula  of  this 
salt,  ZnO,  SO3 ;  KaO,  SO3  +  7HO,  which  indicates,"  as  he  shows, 
27*32  per  cent,  of  water  instead  of  24*49,  the  experimental  result. 

In  this  case  it  is  therefore  to  be  remarked,  that  the  sulphate  of 
zinc  retains  the  seven  equivalents  of  water  which  it  possessed  in  its 
simple  state. 

Double  Sulphate  of  Zinc  and  Magnesia. — M.  Pierre  observes,  that 
it  is  generally  supposed  that  these  two  sulphates  may  combine  in  all 
proportions ;  having  found  that  sulphate  of  zinc  in  the  double  salt 
which  it  forms  retains  its  seven  equivalents  of  water,  the  author  ob- 
serves that  if  sulphate  of  magnesia  did  the  same,  the  double  Bait 
should  contain  fourteen  equivalents  of  water. 

This  salt  is  readily  obtained  by  mixing  its  equivalents  and  crystal- 
lizing; it  forms  very  fine  oblique  rhombic  prisms,  which  are  by 
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pressure  separated  into  very  fine  needles ;  when  quickly  heated  to 
212°  to  248°  Fahr.,  it  loses  part  of  its  water;  at  392°  Fahr.  it  re- 
tains two  equivalents  of  water,  and  these  cannot  be  expelled  at  a 
temperature  lower  than  482°  to  500°  Fahr. 

When  heated  slowly  and  progressively,  this  salt  effloresces  with- 
out fusing  in  its  water  of  crystallization ;  it  may  in  this  mode  be 
deprived  of  the  whole  of  its  water  of  crystallization  without  being 
fused ;  it  merely  agglutinates  slightly. 

The  formula  of  this  salt  derived  from  analysis  is  ZnO,  SO3,  MgO, 
SO3  -f-  14HO,  which  indicates  471 7  per  cent,  water;  the  loss  of 
water  by  experiment  was  47' 12;  the  salt  heated  to  392°  Fahr.  re- 
tained ten  equivalents  of  water. 

From  the  preceding  and  the  analyses  of  various  other  salts  which 
the  author  prepared,  he  arrives  at  the  following  among  other  con- 
clusions : — 

1.  Sulphate  of  zinc  containing  seven  equivalents  of  water,  re- 
tains the  whole  of  it  in  the  compound  which  it  forms  with  the  alka- 
line or  alkalino-earthy  sulphates. 

2.  The  sulphates  of  zinc  and  magnesia  combine  equivalent  to 
equivalent,  and  the  resulting  compound  contains  a  quantity  of  water 
equal  to  the  sum  of  the  quantities  which  both  salts  contained  when 
separate,  that  is  to  say,  fourteen  equivalents,  if  the  double  salt  cry- 
stallizes at  common  temperatures. 

3.  The  simple  sulphates  of  zinc,  copper  and  nickel  yield  all  their 
water  at  a  little  above  212°  in  a  long-continued  current  of  air,  in- 
stead of  retaining  one  equivalent,  as  stated  by  Prof.  Graham,  at  400° 
Fahr. 

4.  The  simple  sulphates  of  zinc,  magnesia,  copper  and  nickel 
combine  with  other  sulphates,  or  with  each  other  without  elimina- 
tion of  the  water. — Ann.  de  Ch.  et  de  Phys.,  Fevrier  1846. 


PREPARATION  OF  HYPOPHOSPHITES. 

M.  A.  Wurtz  prepared  almost  the  whole  of  these  salts,  which  he 
analysed,  by  the  double  decomposition  of  soluble  sulphates  with  hypo- 
phosphite  of  barytes  ;  the  most  ceconomical  method  of  preparing  the 
last-mentioned  salt,  is  to  boil  a  solution  of  sulphuret  of  barium  with 
phosphorus,  until  gas  ceases  to  be  evolved.  If  the  ebullition  has 
been  long  continued,  the  sulphuret  of  barium  is  almost  entirely 
decomposed,  and  a  slight  excess  only  is  left,  which  may  be  se- 
parated by  carbonate  of  lead.  Sometimes,  however,  the  excess  of 
sulphuret  is  more  considerable  ;  it  is  then  proper  to  separate  it  by 
cautiously  adding  small  quantities  of  sulphuric  acid  to  the  hot  filtered 
liquor,  as  long  as  sulphuretted  hydrogen  is  disengaged.  If  the  liquor 
becomes  acid,  it  must  be  neutralized,  before  evaporation,  by  a  little 
carbonate  of  barytes. 

Hypophosphite  of  Potash. — This  salt  was  prepared  by  the  double 
decomposition  of  hypophosphite  of  barytes  and  sulphate  of  potash. 
The  aqueous  solution  was  evaporated  to  dryness,  and  the  residue, 
treated  with  hot  alcohol,   deposited  hypophosphite  of  potash  on 
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cooling.  The  crystals  of  this  salt  are  hexagonal  tables.  They  are 
very  deliquescent,  very  soluble  in  weak  alcohol,  less  so  in  absolute 
alcohol,  and  insoluble  in  aether.     They  lose  no  water  at  212°  Fahr. 

Adopting  with  M.  Pelouze  400  as  the  atomic  weight  of  phospho- 
rus, M.  Wurtz  gives  as  the  formula  of  this  salt, 
PO,  KO,  2HO  =  PH203,  KO. 

Hypophosphite  of  Ammonia. — This  salt  was  prepared  like  the  pre- 
ceding. It  crystallizes  in  large  irregular  hexagonal  laminae ;  it  is 
less  deliquescent  than  the  salt  of  potash,  and  unalterable  at  212° 
Fahr.  At  about  394°  Fahr.,  it  fuses  into  a  transparent  liquid  with- 
out losing  water,  and  becomes  a  crystalline  mass  on  cooling.  It 
does  not  decompose  under  464°  Fahr.,  at  which  temperature,  like 
other  hypophosphites,  it  disengages  a  little  water  and  spontaneously 
inflammable  phosphuretted  hydrogen.  Its  formula,  as  determined 
by  analysis,  appeared  to  be 

PO,  H3N  3HO  -  PH203,  NH+O. 

Hypophosphite  of  Strontia. — This  salt  was  prepared  like  that  of 
barytes,  by  boiling  a  solution  of  sulphuret  of  strontium  with  phos- 
phorus, and  decomposing  the  excess  of  sulphuret  by  carbonate  of 
lead,  or  by  sulphuric  acid  added  in  sufficient  quantity  to  render  the 
liquid  slightly  acid.  By  evaporation  the  hypophosphite  of  strontia 
crystallizes  in  the  mammillated  form  by  the  juxtaposition  of  small 
laminae  round  a  common  centre.  These  crystals  are  unalterable  in 
the  air,  and  lose  no  water  at  2  J  2°.  They  are  very  soluble  in  water, 
and  insoluble  in  alcohol.  The  formula  of  this  salt  is 
PO,  SrO,  2HO  =  PH203,  SrO. 

Hypophosphite  of  Magnesia. — This  salt  was  prepared  by  double 
decomposition  with  sulphate  of  magnesia  and  hypophosphite  of  ba- 
rytes ;  it  crystallizes,  as  stated  by  M.  H.  Rose,  in  very  brilliant 
regular  octahedrons,  which  effloresce  in  dry  air.  The  formula  of 
the  crvstallized  salt  is  PH2  O3,  MgO-f-  HO  +  5Aq  |  of  the  salt  dried 
at  212"°,  PH2  O3  MgO  +  HO ;  and  lastly,  the  formula  of  the  salt  dried 
at  360°  Fahr.,  is  PH203,  MgO. 

Hypophosphite  of  Zinc. — This  salt  was  obtained  of  two  different 
forms.  It  crystallizes  sometimes  in  very  efflorescent  regular  octa- 
hedrons, and  sometimes  in  small  rhombic  crystals  unalterable  in  the 
air.  When  a  moderately  concentrated  solution  of  this  hypophos- 
phite is  submitted  to  spontaneous  evaporation,  the  first-mentioned 
crystals  are  usually  formed.  They  are  so  efflorescent,  that  they  lose 
water  during  pressure  between  folds  of  paper,  previous  to  analysis. 
The  formula  of  the  rhombic  crystals  is 

PH203ZnO, +  HO. 

Hypophosphite  of  Iron. — This  salt  crystallizes  in  large  green  oc- 
tahedrons, which  effloresce  by  exposure  to  the  air  and  become  a 
white  powder.  When  exposed  to  the  air,  the  moist  salt  absorbs 
oxygen  from  it  rapidly.  The  formula  of  the  crystallized  salt  is 
PH203,  FeO  +  6HO. 

Hypophosphite  of  Chromium. — This  salt  was  prepared  by  double 
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decomposition  by  mixing  solutions  of  sulphate  of  chromium  and  hy- 
pophosphite  of  barytes.  By  evaporation  there  was  obtained  an 
amorphous,  cracked  mass  of  a  very  deep  green  colour.  This  salt 
loses  water  by  drying  when  it  has  been  heated  to  392°  Fahr. ;  it  is 
not  soluble  either  in  water  or  dilute  acids.  The  formula  of  this  salt 
is2PH*03,  Cr*03  +4HO. 

Hypophosphite  of  Manganese. — The  crystals  of  this  salt  are  of  a 
rose  colour,  brilliant  and  unalterable  in  the  air.  They  do  not  lose 
water  at  212°  Fahr.,  but  at  about  302°  Fahr.  they  part  with  one 
equivalent.     The  formula  of  this  salt  is  PH°-  O3,  MnO  +  HO. 

Hypophosphite  of  Cobalt. — This  salt  forms  large  crystals  of  a  deep 
red  colour,  which  effloresce  in  the  air.  At  212°  Fahr.,  they  lose  six 
equivalents  of  water  of  crystallization,  and  become  a  pale  rose-red 
powder.  The  formula  of  this  salt,  which  agrees  with  that  of  M.  H. 
Rose,  is  PH°~0\  CoO  +  6HO. 

Hypophosphite  of  Nickel. — The  crystals  of  this  salt  are  regular  oc- 
tahedrons, and  smaller  than  those  of  hypophosphite  of  cobalt.  When 
the  aqueous  solution  is  evaporated  at  the  temperature  of  212°  Fahr., 
it  is  partially  reduced  to  metallic  nickel  with  the  disengagement  of 
hydrogen.  This  reduction  takes  place  perfectly  when  the  crystals 
of  this  salt,  broken  and  slightly  moistened,  are  exposed  to  the  air  at 
a  temperature  of  248°  Fahr.  The  formula  of  this  salt  is  PH*  O3, 
NiO  +  6HO. 

Hypophosphite  of  Copper. — The  solution  of  this  salt  is  readily  pre- 
pared by  decomposing  sulphate  of  copper  with  hypophosphite  of  ba- 
rytes. It  is  not  a  permanent  salt.  At  about  140°  Fahr.  it  becomes 
turbid,  and  deposits  hydrate  of  copper.  By  evaporating  the  solution 
in  vacuo,  small  blue  crystals  of  this  salt  were  once  obtained.  These 
crystals  decompose  quickly,  and  with  projection  of  the  entire  mass 
when  heated  to  149°  Fahr. ;  and  phosphuret  of  copper  is  formed. 
The  formula  of  this  salt  is  PH'2  O3,  CuO. — Ann.  de  Ch.  et  de  Phys., 
Fevrier  1846. 


BIELA  S  COMET. 

The  following  is  an  abstract  of  a  letter  addressed  by  Prof.  Challis 
to  the  editor  of  the  Times  : — 

"  As  I  was  preparing  to  observe  Biela's  comet,  on  the  evening  of 
the  23rd  of  January,  I  discovered  a  smaller  comet  in  its  immediate 
neighbourhood,  and  ascertained  by  my  observations  that  evening 
that  the  two  comets  had  the  same  apparent  motion.  A  double 
comet  is  a  celestial  phenomenon  which,  I  believe,  has  never  before 
been  witnessed,  and  cannot  fail  to  arrest  the  attention  of  astrono- 
mers. It  will  be  a  matter  of  very  great  scientific  interest  to  deter- 
mine the  relative  motions  of  these  two  singular  bodies,  and  the  na- 
ture of  the  influence  they  mutually  exert  on  each  other.  The  fol- 
lowing relative  positions  I  have  succeeded  in  obtaining  by  means  of 
the  Northumberland  telescope.  They  are  either  derived  from  sepa- 
rate determinations  of  the  places  of  the  comets,  or  from  direct  mea- 
surements of  angles  of  positions  and  differences  of  North  Polar  di- 
stance.    The  smaller  comet  is  north  of  the  other,  and  precedes  it. 
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Difference 

Difference 

Mean  time. 

of  R.A. 

of  N.P.D. 

h 

s 

sec. 

Jan.  23 

7-1 

5-18 

122-9 

...   24 

70 

511 

126-6 

...   27 

6-4 

5-84 

144-6 

...    28 

6-3 

5-77 

151-1 

...    29 

7-4 

5-44 

154-4 

Feb.  1 1 

?4 

7-38 

249-7 

...    12 

71 

?86 

252-7 

...    13 

7-5 

8-30 

264-9 

Angle  of 

position. 

Distance, 

d.     in. 

sec. 

327-43 

145-4 

328-48 

1480 

328-48 

1691 

330-12 

174-1 

332-10 

1746 

336-  8 

273-1 

335-  3 

278-7 

334-54 

292-6 

"  The  observations  on  the  11th  and  12th  of  February  were  obtained 
with  great  difficulty  on  account  of  the  faintness  of  the  comets  from 
the  effect  of  moonlight.  The  light  of  the  larger  comet  spreads  over 
a  considerably  greater  extent  than  that  of  the  other,  but  is  not  in- 
trinsically much  brighter." 

METEOROLOGICAL  OBSERVATIONS  FOR  JAN,  1846. 

Chiswick. — January  1.  Fine.  2,  3.  Frosty  :  fine  :  overcast.  4.  Rain.  5.  Sharp 
frost :  cloudy  :  clear  and  frosty.  6.  Drizzly.  7.  Overcast  and  mild  throughout 
the  day  and  night.  8.  Cloudy  and  fine.  9.  Uniformly  overcast.  10.  Over- 
cast:  drizzly  rain.  11.  Hazy  and  drizzly.  12.  Cold  haze.  13.  Hazy:  very 
fine.  14.  Foggy  :  overcast  and  fine.  15.  Fine.  16.  Thick  fog:  rain  at  night. 
17.  Hazy  :  drizzly  :  cloudy  and  mild.  18.  Foggy  :  rain  at  night.  19.  Constant 
rain:  boisterous,  with  rain  at  night.  20.  Clear  and  fine.  21.  Rain:  densely 
clouded  and  mild :  boisterous,  with  rain  at  night.  22.  Boisterous,  with  rain  : 
densely  clouded.  23.  Heavy  showers.  24.  Hazy  and  mild.  25.  Rain.  26] 
Showery  :  heavy  rain  at  night.  27.  Clear  :  cloudy  :  rain  at  night.  28.  Rain  : 
cloudy  :  very  high  tide  in  the  Thames  :  clear.  29.  Rain.  30.  Overcast.  31, 
Cloudy  :  windy  at  night. 

Mean  temperature  of  the  month    430,54 

Mean  temperature  of  January  1845 38  -69 

Average  mean  temperature  of  Jan.  for  the  last  twenty  years  36  -46 

Average  amount  of  rain  for  the  last  twenty  years   1  -60inch. 

Boston. — Jan.  1.  Stormy:  rain  last  night.   2.  Fine.   3.  Cloudy.  4.  Rain.  5.  Fine. 

6.  Rain.     7.  Cloudy.     8.   Fine.     9—13.  Cloudy.     14,  15.   Fine.     16.  Foggy. 

17.  Cloudy  :  rain  a.m.  and  p.m.  18.  Foggy.  19.  Rain  :  rain  early  a.m.  :  rain 
p.m.  20.  Windy:  rain  early  a.m.  21.  Cloudy:  rain  p.m.  22.  Cloudy  and 
stormy  :  rain  early  a.m.  23.  Fine.  24.  Cloudy  :  rain  early  a.m.  25.  Fine  : 
rain  early  a.m.  26.  Cloudy:  rain  early  a.m.  27.  Fine.  28,29.  Rain.  30, 
31.  Cloudy. — N.B.  Not  so  warm  a  January  since  January  1834:  the  average 
of  that  month  was  44°-3. 

Sandwick  Manse,  Orkney. — Jan.  1.  Snow-showers.  2.  Fine:  frost:  cloudy. 
3.   Cloudy  :  clear.     4.    Clear  :  showers.      5.    Bright :  showers.     6.  Damp:  clear. 

7.  Cloudy:  showers.  8.  Showers:  clear.  9.  Cloudy:  clear.  10.  Rain  :  cloudy. 
11.  Drizzle.:  damp.  12.  Drizzle:  ha2y.  13.  Blight:  cloudy.  14.  Damp: 
cloudy.  15.  Bain:  drizzle.  16.  Clear.  17.  Damp.  18.  Bright:  cloudy. 
19.  Damp  :  showers.  20.  Rain:  drizzle.  21.  Rain:  clear.  22.  Damp  :  rain. 
23.  Fine  :  damp.  24.  Fine :  frost :  damp :  aurora.  25.  Rain  :  cloudy.  26. 
Damp.  27.  Damp :  rain :  clear.  28.  Cloudy :  showers.  29.  Showers.  30. 
Cloudy:  rain.     31.   Drizzle:  showers. 

Applegarth  Manse,  Dumfries-shire. — Jan.  1.  Snow-showers.  2.  Frost:  clear 
and  fine.  3.  Wet  all  day.  4,  Fine  a.m.  :  shower  p.m.  5.  Frost  a.m.  :  rain  p.m. 
6,7.  Showery.  8.  Fair.  9,10.  Slight  drizzle.  11.  Slight  drizzle :  fog.  12. 
Fair  and  mild.  13.  Fair  a.m.  :  rain  p.m.  14.  Fair :  one  slight  shower.  15.  Wet 
a.m.  :  cleared  :  fine.     16.   Frost,  slight :  fine.     17.  Fair  a.m.  :  slight  shower  p.m. 

18.  Fair,  but  cloudy.  19.  Rain  nearly  all  day.  20.  Rain  all  day  :  flood.  21. 
Fair,  but  cloudy.  22.  Drizzling  rain.  23.  Rain  and  fog.  24.  Thick  fog. 
25.  Heavy  rain  :   flood.      26.  Drizzling  rain.      27.  Rain  a.m.  :  fair:  rain  p.m. 

"28— 31.  Rain. 
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XLV.   On  the  Oscillations  of  the  Barometer^  with  particular 
reference  to  the  Meteorological  Phenomena  of  November 
1842*.     By  William  Brown,  Jun.\ 
[With  Six  Plates.] 

IN  order  to  illustrate  and  confirm  the  views  I  have  before 
advanced  in  this  Magazine  (vols.  xx.  and  xxiii.),  on  the 
connexion  between  the  direction  of  the  currents  of  the  atmo- 
sphere and  the  oscillations  of  the  barometer,  I  have  endea- 
voured to  make  a  direct  application  of  them  to  the  explana- 
tion of  the  various  phaenomena  presented  by  the  winds  in 
this  country  during  a  great  portion  of  the  month  of  Novem- 
ber 1842,  that  month  including  an  extremely  unsettled  and 
stormy  period  of  weather.  For  this  purpose,  I  have  col- 
lected observations  showing  the  state  of  the  wind  and  the  ba- 
rometer in  various  parts  of  this  kingdom,  and  also  at  Chris- 
tiania  in  Norway,  and  at  Paris;  and  exhibited  the  direction  of 
the  wind  on  diagrams,  with  the  variations  of  the  barometer  in 
hundredths  of  an  inch  annexed.  The  data  from  which  the 
diagrams  are  constructed,  and  which  are  given  p.  262,  with 
the  exception  of  those  for  North  Shields,  the  place  of  my  own 
register,  are  extracted  from  the  Shipping  and  Mercantile  Ga- 
zette Newspaper;  a  newspaper  containing  daily  reports  from 
most  of  the  parts  of  Great  Britain  and  Ireland,  of  the  state  of 
the  wind  and  weather,  on  which  nautical  men  are  accustomed 
to  rely  for  that  kind  of  information ;  and  the  accordance  of  the 
observations  at  places  situated  near  each  other  is  sufficiently 
marked  to  confirm  their  general  correctness,  and  thus  give 
confidence  in  those  of  more  isolated  localities. 

The  barometrical  observations  have  been  collected  with 

*  This  essay,  with  the  exception  of  some  additions,  although  only  now 
published,  was  written  soon  after  this  period. 

■f  Communicated  by  the  Author. 
Phil.  Mag.  S.  3.  Vol.  28.  No.  187.  April  1846.  S 
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great  care :  those  for  London  and  the  Orkneys  are  taken  from 
the  tables  published  in  the  Philosophical  Magazine  and  Athe- 
naeum, and  those  for  Paris  from  the  Annates  de  Chimie;  but 
in  general  I  have  been  indebted  for  them  to  the  kindness  of 
the  observers  themselves.  I  sought  those  from  Christiania, 
which  are  from  the  register  kept  under  the  superintendence 
of  Prof.  Hansteen,  in  order  to  enlarge  the  field  of  the  observa- 
tions ;  it  appears  however  from  them  that  their  locality  is  too 
far  to  the  west  to  throw  light  on  those  of  this  country,  except 
in  a  few  instances ;  for  this  reason  they  are  placed  at  the  foot 
of  the  columns,  contrary  to  the  general  order  of  the  positions 
of  the  observations ;  and  when  reference  is  made  to  the  ob- 
servations as  a  whole,  they  are  never  included,  except  when 
specifically  mentioned. 

The  whole  of  the  facts  brought  to  light  by  this  investiga- 
tion may,  I  think,  be  resolved  into  this  general  principle; 
that  all  winds  may  be  ultimately  referred  to  the  action  of  one 
or  both  of  two  contrary  currents  caused  by  the  unequal  distri- 
bution of  temperature  on  the  surface  of  the  earth;  the  one  ari- 
sing from  the  flow  of  colder  and  therefore  denser  air  towards 
warmer,  in  the  lower  regions  of  the  atmosphere;  and  the  other 
from  the  descent  to  the  surface  of  the  earth  of  an  opposite  cur- 
rent belonging  to  the  upper  regions  of  the  atmosphere,  and 
formed  by  the  elasticity  or  total  weight  of  the  atmosphere  at 
any  elevation  in  the  warmer  regions,  being  greater  than  that 
at  the  same  elevation  in  colder,  because  of  the  greater  height 
of  the  atmospheric  column  in  the  former  than  in  the  latter; 
the  air  in  both  being  supposed  of  the  same  pressure  at  the 
surface  of  the  earth.     Thus  in  fig.  1,   Plate  V.,  the  outline 
H  b  B  A  represents  the  general  figure  of  a  portion  of  the  at- 
mosphere, of  which  the  temperature  decreases  from  A  to  B 
(A  lying  on  the  equatorial  and  B  on  the  polar  side  of  C,  or 
A  being  south  and  B  north);  the  lower  current  of  heavy  air 
will  therefore  set  in  from   B  towards  A.     But  the  pressure 
being  equal  at  the  surface  of  the  earth,  and  greater  at  any 
equal  elevation  in  the  column  H  A  than  in  b  B,  at  some  certain 
height  above  A  the  pressure  or  elasticity  of  the  air  will  be  so 
much  greater  than  at  the  same  height  above  B,  that  its  force 
will  there    overcome   the  pressure  of  the    colder  air  of  the 
column  Bb;  and  hence  above  this  the  air  will  flow  from  H  A 
towards  b  B.     But  these  currents  can  only  be  maintained  by 
air  descending  and  ascending  in  some  part  of  them :  let  the 
upper  current  descend  to  the  earth  at  A,  it  will  continue  to 
flow  towards  C,  as  represented  in  the  figure,  by  the  momen- 
tum acquired  in   its  original  position.     These  currents  are 
the  north  and  south  winds. 
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From  this  may  be  deduced  the  following  results,  which  may 
be  applied  to  the  explanation  of  the  general  atmospheric  phe- 
nomena of  all  latitudes  of  both  hemispheres,  though  when  the 
cardinal  points  are  referred  to,  they  are  given  in  terms  adapted 
only  to  the  northern,  and  to  extra- tropical  latitudes;  for  the 
sake  of  convenient  reference  to  each,  they  are  placed  in  num- 
bered paragraphs. 

1.  An  equality  in  the  pressure  of  the  atmosphere  can  only 
be  maintained  by  the  flow  of  these  currents  in  their  proper, 
that  is,  in  their  original  positions,  the  one  above  and  the  other 
below;  but  on  the  descent  of  the  upper  current,  which  still, 
by  its  momentum,  maintains  wholly,  or  in  part,  its  original 
direction,  the  lower  is  either  more  or  less  retarded,  or  entirely 
pushed  back :  thus  whilst  the  air  is  carried  away,  either  from 
the  upper  parts,  or  whole  of  the  atmospheric  columns,  the 
flow  to  the  lower  is  prevented,  and  consequently  a  diminution 
of  air,  or  decrease  in  the  atmospheric  pressure,  takes  place  in 
the  regions  where  the  descending  current  prevails  on  the  sur- 
face of  the  earth  :  hence  the  great  oscillations  of  the  barome- 
ter in  high  latitudes,  or  the  region  of  the  "  variable  winds," 
and  the  maintenance  of  the  equality  of  the  atmospheric  pres- 
sure in  the  region  of  the  "  trade  winds,"  the  ascent  and  de- 
scent of  the  air  taking  place  at  the  extremities  of  the  latter, 
and  consequently  without  interruption  to  the  course  of  the 
currents. 

2.  In  the  extent  of  the  descending  current,  and  for  a  space 
in  front  of  it,  following  the  line  of  its  direction,  the  pressure 
of  the  atmosphere  upon  the  surface  of  the  earth  will  be  distri- 
buted according  to  the  curved  line  a  deb,  Plate  V.  fig.  1; 
and  the  lines  A  a,  Dd  and  Cc,  &c.  will  represent  the  pressure 
at  the  several  points  on  which  they  are  drawn,  C  being  sup- 
posed the  point  at  which  the  descending  current  terminates 
and  meets  the  opposite  or  lower  one,  as  shown  by  the  arrows, 
whilst  the  southerly  current  is  blowing  above  the  north  from 
c  to  b;  the  minimum  pressure  will  be  near  C,  or  the  place  of 
meeting  of  the  two  currents.  That  this  will  be  the  case  is 
evident  from  the  consideration,  that  the  descending  current 
advances  by  reason  of  the  superiority  of  its  force  to  that  of 
the  lower  one,  which  it  drives  back;  but  this  superiority  is 
constantly  diminishing  by  the  rarefaction  of  the  air  produced 
by  its  flowing  from  c  to  b,  which  rarefaction  at  last  reduces 
the  force  of  this  current  below  that  of  the  resistance  of  the 
opposite  one  in  front  of  it ;  hence  it  is  clear  that  where  the 
descending  current  terminates  in  advancing  from  the  place 
of  its  descent,  or  is  overcome,  as  at  C,  the  pressure  must  be  at 
the  minimum,  increasing  from  this  point  in  both  directions, 
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but  in  the  greatest  degree  towards  B,  because  of  the  resistance 
given  to  the  upper  current  in  its  How  northwards  after  passing 
tliis  point,  and  the  increasing  density  of  the  air  in  the  colder 
current.  In  my  first  paper  on  this  subject  (vol.  xx.),  I  gave  an 
illustration  by  a  figure,  in  which  for  want  of  due  consideration 
arise  of  the  barometer  was  conceived  to  occur  at  the  point  C; 
but  in  a  subsequent  paper  on  the  "  Storms  of  the  Tropics"  (vol. 
xxiii.),  it  is  assumed  that  this  is,  as  here  expressed,  the  point 
of  the  greatest  barometric  depression,  though  I  omitted  to 
notice  the  discrepancy.  As  this  part  of  the  subject  is  of 
great  importance,  it  may  be  proper  to  give  a  further  explana- 
tion of  it.  The  upper  current  is  supposed  to  descend  to  the 
surface  of  the  earth  between  A  and  C,  on  which  it  will  flow 
to  a  certain  distance  dependent  on  its  power  to  overcome  the 
opposite  one  from  B,  and  C  is  the  point  at  which  it  meets 
this  current  and  advances  upon  it;  here  therefore  there  will 
be  an  influx  of  air  from  both  sides  at  the  surface,  whilst  that 
above  is  carried  away  in  a  continuous  current  from  eg  to  b. 
Now  it  will  at  once  be  evident  that  in  this  position  of  the  cur- 
rents, any  change  produced  in  the  atmospheric  pressure  will 
depend  upon  their  relative  velocities;  if  that  of  the  upper  one 
is  so  much  the  greatest,  that  notwithstanding  the  check  given 
it  by  the  opposite  force,  more  air  is  carried  off  from  the  higher 
parts  of  the  atmosphere  above  C  towards  b  than  is  brought  to 
that  point  in  the  lower,  the  pressure  at  C  must  diminish.  But 
the  diminution  of  pressure  thus  begun  by  the  force  of  the  de- 
scending current,  will  go  on  until  this  force  is  reduced,  by  the 
loss  of  pressure  sustained,  to  an  equality  with  that  of  the  op- 
posite one,  and  then  its  momentum  being  destroyed  it  will 
cease  to  advance,  and  the  latter  will  begin  to  advance  upon 
it,  to  restore  the  equilibrium  of  the  atmosphere;  hence  the 
point  of  its  furthest  advance  and  first  cessation  must  be  near 
that  where  the  diminution  of  the  atmospheric  pressure  is 
greatest,  or  the  point  C;  and  at  this  point,  in  great  storms, 
there  will  be  a  comparative  calm  throughout  a  certain  extent 
of  the  atmosphere.  That  the  conclusion  resulting  from  this 
reasoning  is  in  consonance  with  observed  fact,  may  be  seen 
from  the  observations  of  P.  J.  Espy,  who  has  shown  that  the 
space  between  the  opposite  sides  of  a  storm  is  in  reality  the 
place  of  minimum  pressure  in  those  storms  of  America  which 
he  has  investigated*. 

*  This,  according  to  this  observer,  is  the  position  of  the  fall  of  rain  which 
occurs  during  storms,  the  fact  upon  which  he  has  founded  his  theory;  but 
it  will  be  seen  that  in  this  case  the  conditions  are  precisely  such  as,  accord- 
ing to  the  general  opinion  of  meteorologists,  are  requisite  to  produce  rain, 
— these  are,  the  meeting  of  two  currents  in  precisely  opposite  conditions 
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3.  It  is  not  meant  however  in  the  foregoing  paragraph  that 
the  greatest  depression  of  the  barometer  throughout  the  course 

with  regard  to  temperature  and  the  quantity  of  aqueous  vapour  they  con- 
tain; and  hence  the  true  nature  of*  the  connexion  between  the  occur- 
rence of  rain  and  a  falling  barometer,  both  consequences  of  one  common 
cause. 

The  phaenomena  attending  the  fall  of  rain  are  extremely  dependent  on 
geographical  position,  and  are  by  no  means  sufficiently  known  to  enable  us 
fully  to  carry  out  these  principles  to  the  explanation  of  them,  although  I 
am  firmly  persuaded  that  when  better  known  we  shall  be  able  to  do  so.  I 
will  however  just  refer  to  a  few  cases  similar  to  that  mentioned,  of  which 
they  do  give  a  sufficient  explanation,  and  which  are  notorious  weather 
laws : — the  occurrence  of  rain  ; — just  before  a  change  of  the  wind,  or  at 
the  time  of  the  change,  whether  it  be  from  north  to  south,  or  from  south 
to  north,  though  the  most  conspicuous  in  the  former  case ;  during  a  north- 
east wind  with  a  falling  barometer  (§  5),  and  with  a  south  or  south-east 
wind  (occasioned  by  the  junction  of  a  north-east  and  south  wind,  see  §  11). 
The  last  of  these  is  the  most  conspicuous  in  the  portions  of  storms  to  which 
§  16  refers,  which  in  those  parts  where  the  wind  is  from  south  to  south-east 
are  always  accompanied  by  abundance  of  rain.  It  may  be  thought  that  our 
dry  winds  from  north-west  (also  formed  by  a  north  and  south  wind  (§  11)) 
are  an  exception  to  these  results;  but  it  is  by  no  means  necessary  that  rain 
should  always  occur  at  the  meeting  of  these  currents,  for  if  the  lower  cur- 
rent greatly  predominates  in  dryness  or  in  quantity,  then  it  is  evident  that 
there  need  be  no  precipitation  of  vapour  in  the  form  of  rain.  But  there  is 
another  reason  why  these  winds  should  be  in  general  free  from  rain.  The 
occurrence  of  rain  in  showers  with  squalls  of  wind,  when  the  other  portions 
of  the  day  are  fine,  is  a  case  to  which  the  principle  before  us  strikingly  ap- 
plies, for  these  squalls  almost  always  blow  in  a  direction  somewhat  different 
from  that  of  the  wind  in  the  intervals  between  their  occurrence ;  thus 
showing  that  they  arise  from  an  immediate  onset  of  one  or  other  of  the  op- 
posite currents :  now  it  is  very  easy  to  conceive  that  two  bodies  of  air  may 
meet  so  as  to  produce  rain,  although  their  relative  temperatures  and  quan- 
tities of  vapour  may  be  so  adjusted,  that  the  resulting  temperature  is  suffi- 
cient to  maintain  the  same  quantity  of  vapour;  for  if  the  collision  be  sud- 
den, by  the  law  of  the  diffusion  of  gases  and  vapours  the  vapour  of  the 
warm  air  will  rush  at  once  into  the  cold  air,  not  waiting  for  the  mixture  to 
take  place;  and  hence,  being  subjected  to  its  temperature,  it  is  immediately 
condensed  and  the  rain  is  produced.  Now  (§  11)  the  north-west  wind  is 
one  of  the  most  constant  winds,  hence  one  of  the  most  favourably  disposed 
for  the  gradual  mixture  of  the  opposite  currents.  This  also  explains  the 
occurrence  of  fine  weather  with  a  steady  barometer,  for  stability  in  the 
pressure  of  the  atmosphere  can  only  be  produced  by  the  stability  of  the 
currents.  The  formation  and  disappearance  of  clouds  without  rain  may  be 
explained  in  the  same  manner, — the  precipitated  vapour  not  being  suffi- 
ciently dense  to  form  rain  is  again  aerified  when  the  cold  air  acquires  the 
temperature  of  the  mixture.  [For  a  full  description  of  the  differences  and 
relations  of  the  distinct  atmospheres  of  air  and  vapour  by  which  the  globe 
is  surrounded,  and  on  which  this  reasoning  is  based,  I  need  scarcely  refer 
the  reader  to  the  *  Meteorological  Essays'  of  the  late  Professor  Daniel!, 
where  they  are  set  forth  with  great  perspicuity  and  precision.] 

But  perhaps  the  fact  most  remarkably  in  accordance  with  this  application 
of  the  principle  set  forth  in  this  essay  is  that  general  one,  established  by 
W.  Snow  Harris  by  induction  from  a  great  number  of  particular  instances, 
that  thunder-storms  result  from  the  collision  of  opposite  currents ;  for  the 
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of  a  wind  or  storm*  is  at  once  attained  at  the  point  C,  which  is 
there  supposed  to  be  that  of  the  furthest  extent  of  the  descend- 
ing current  from  the^rs^  place  of  its  descent,  and  the  place  of 
the  barometric  minimum  in  the  parts  then  occupied  by  the  wind. 
The  pressure  continues  to  decrease  for  some  time  by  the  pro- 
gressive motion  of  the  storm.  It  is  evident  that  air  having  begun 
to  descend  at  A  and  to  flow  forward  with  considerable  velocity 
in  the  same  direction  as  before  its  descent,  the  lower  air  on  the 
south  of  A  must  at  once  begin  to  flow  towards  A  to  supply  its 
place ;  but  as  this  air  is  either  at  rest  or  in  a  state  of  motion 
in  another  direction,  it  cannot  at  once  begin  to  flow  with  suf- 
ficient velocity  to  supply  the  deficiency ;  therefore  the  rare- 
faction thus  produced  will  cause  the  upper  current  to  descend 
into  it,  and  thus  the  space  upon  which  it  flows  will  gradually 
extend  itself  backward  from  A,  or  southward.  But  at  the 
same  time  that  this  is  going  on  behind  A,  the  advanced  por- 
tion of  the  descending  current  has  begun  to  retreat  from  C ; 
for  its  force  there,  at  first  superior  to  that  of  the  opposite  one, 
is  at  last  overcome  by  it,  and  the  heavy  current  of  cold  air 
then  advances  upon  the  receding  wind,  flowing  with  a  force 
in  some  degree  proportioned  to  the  degree  of  the  rarefaction, 
and  restores  the  air  to  its  ordinary  pressure t»  according  to 
one  general  law  of  storms,  that  when  the  wind  changes  from 
south  to  north  the  barometer  begins  to  rise.  Thus  the  point 
of  minimum  pressure,  C,  or  the  furthest  advanced  portion  of 
the  storm,  and  the  point  of  its  first  occurrence  or  descent,  A, 
both  move  in  one  direction,  from  north  to  south,  but  not 
equally ;  for  it  is  obvious  that  the  portions  of  air  which  de- 
scend after  the  first  have  an  advantage  over  the  latter  in  this, 
that  the  opposition  in  front  being  partially  removed,  by  the 
first  portions  and  the  diminution  of  pressure  begun,  they  flow 
towards  a  rarefaction ;  and  thus  the  force  of  the  storm  and 
the  diminution  of  pressure  at  C  are  increased,  and  the  motion 
of  this  point  southward  is  retarded,  whilst  the  wind  is  pro- 
gressing on  the  south  from  A.  But  this  disproportionate 
motion  of  the  two  extremities  cannot  remain,  for  with  the  in- 
crease of  the  rarefaction  there  is  an  increase  of  the  force  of  the 

torrents  of  rain  which  frequently  fall  during  their  occurrence  seem  to  ma- 
nifest that  the  only  difference  between  this  and  the  fore-mentioned  cases 
is  in  intensity. 

*  The  only  distinction  here  inferred  between  wind  and  storm  is  that  of 
force;  in  many  instances  I  use  the  term  storm,  because  of  the  phenomena 
being  sufficiently  striking  only  when  the  wind  has  great  force. 

f  In  the  hurricanes  of  the  tropics,  the  returning  current  is  a  second 
storm,  and  it  is  sometimes  so  in  those  of  high  latitudes;  but  in  the  latter 
the  rarefaction  of  the  atmosphere  is  so  extended,  that  the  restoration  of  the 
pressure  is  frequently  very  gradual  and  produced  by  moderate  winds. 
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north  current,  which  will  after  a  time  carry  backward  the 
point  C  with  increasing  velocity,  and  gradually  put  a  period 
to  the  storm*. 

This  is  more  conspicuous  in  storms  of  temperate  regions 
than  in  those  of  the  tropics,  because  the  former  consist,  as  it 
were,  of  one  deep  wide  depression  of  the  atmosphere,  the  pro- 
gressive motion  of  the  storm  being,  so  far  as  regards  the 
movement  from  north  to  south,  apparently  in  great  measure 
an  enlargement  of  this  depression  southward,  whilst  the  latter 
occasion  a  much  smaller  one. 

4>.  As  a  direct  consequence  of  the  foregoing,  and  as  also 
proved  by  P.  J.  Espy,  the  greatest  reduction  of  atmospheric 
pressure  in  storms  is  not  where  the  wind  is  most  violent,  but 
where  its  velocity  is  reduced  by  the  resistance  in  front  of  it; 
and  the  depression  of  the  barometer  at  any  given  place  de- 
pends on  its  position  with  regard  to  the  place  of  the  mini- 
mum, or  the  point  C,  fig.  1,  as  well  as  on  the  violence  of  the 
storm. 

5.  A  further  consequence  of  the  same  result  is,  that  a  con- 
siderable diminution  of  the  pressure  of  the  atmosphere,  and 
consequently,  fall  of  the  barometer,  takes  place  on  the  loca- 
lity where  a  north-east  wind  is  blowing,  when  this  wind  is 
immediately  on  the  north  of  the  northern  range  of  the  south 
wind  which  occasions  the  fall,  (as  at  the  point  E  in  the  cur- 
rent from  B  towards  C),  though,  as  explained  in  §  2,  to  a 
less  extent  than  in  the  localities  occupied  by  the  south  wind. 
This  result  explains  a  fact  of  very  frequent  occurrence,  the 
falling  of  the  barometer  during  a  north-east  wind. 

6.  As  the  impetus  of  the  south  wind  may  have  reduced  the 
elasticity  or  pressure  of  the  air,  in  the  column  C  c  at  any  eleva- 
tion of  the  atmospheric  columns,  below  that  of  the  air  of  the 
same  elevation  on  the  north ;  a  very  rapid  increase  of  the 
pressure  of  the  atmospheric  columns  on  the  north  may  give 
so  great  a  check  to  the  upper  current  at  C,  as  to  cause  the 
air  to  accumulate  so  rapidly,  that  the  increase  of  pressure 
or  rise  of  the  barometer  extends  to  a  great  distance  on  the 
south  ;  but  it  is  yet  evident,  from  the  state  of  the  atmospheric 
columns  shown  by  the  figure,  that  the  south  wind  will  con- 
tinue to  flow  from  A  because  of  the  greater  pressure  there; 
but  the  barometer  will  rise  on  account  of  the  accumulation  of 
air  taking  place  at  C  and  extending  in  a  diminishing  degree 
towards  A ;  hence  a  frequent  phenomenon,  the  rise  of  the 
barometer  during  the  continuance  of  the  south  wind  ;  as  also 

*  The  deflection  from  south  by  the  rotation  of  the  earth  is  for  the  pre 
sent  left  out  of  consideration,  see  §  15. 
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the  beginning  of  the  rise  of  the  barometer,  frequently  some 
time  previous  to  the  setting  in  of  the  northerly  current. 

7.  But  an  atmospheric  pressure  above  the  mean  will  also 
result  from  the  opposition  of  these  currents,  but  an  opposition 
differing  from  that  of  §  2  in  this  respect;  that  whereas  in 
that  case  the  force  of  the  descending  current,  originally  much 
the  greatest,  is  reduced  at  the  place  of  its  termination  to  an 
equality  with  that  of  the  opposite  one  by  the  diminution  of 
the  pressure  of  the  atmospheric  columns  composing  it;  in 
this,  where  a  rise  of  the  barometer  takes  place,  the  force  of 
the  lower,  or  current  of  gravity,  is  equal  or  superior  to  that 
of  the  descending  one  when  at  its  full  pressure,  and  the  former 
is  advancing  upon  the  latter.  Let  then  the  two  currents 
so  circumstanced  meet,  as  in  fig.  1,  at  C,  there  will  be  at 
this  station  either  simply  a  condensation  of  the  air  produced 
by  the  pressure  of  the  two  currents,  or  the  air  of  the  lower 
one  will  ascend,  carrying  with  it  an  impetus  which  would 
tend  to  carry  it  on  still  in  its  first  direction.  In  the  case  of 
§  2,  air  brought  to  the  place  of  meeting  is  carried  off  in  the 
upper  current  by  the  force  of  that  current,  but  in  this,  if  the 
air  of  the  lower  current  does  in  this  way  ascend,  it  will  simply 
check  that  flowing  above  in  the  contrary  direction,  and  cause 
an  accumulation  of  air  to  take  place  exactly  similar  to  that  of 
water  occasioned  by  partially  damming  a  stream.  But  even 
when  the  force  of  the  former  is  in  some  degree  inferior  to  that 
of  the  latter,  it  may  yet  be  sufficient  to  retain  so  much  air  of 
the  upper  current  by  its  opposition  as  to  accomplish  the  same 
effect  though  in  a  less  degree:  thus  the  pressure  will  be  re- 
presented by  the  dotted  line  a gb  in  fig.  1,  and  an  elevation 
of  the  barometer  will  ensue  in  the  localities  where  the  south 
wind  is  blowing,  as  well  as  in  those  which  have  the  north ; 
hence  great  elevations  of  the  barometer  occur  with  south 
winds  as  well  as  north. 

8.  The  foregoing  paragraph  is  intended  to  explain  the 
great  atmospheric  pressure  sometimes  produced  by  strong 
north-east  winds,  and  calms  or  very  gentle  breezes,  as  one  or 
other  of  these  is  produced  (§  12)  at  places  situated  near  the 
collision  of  the  two  currents,  especially  when  the  effect  is  in- 
creased, as  shown  in  a  previous  essay,  by  reduction  of  tempe- 
rature; but  increase  of  pressure  will  arise  from  other  causes; 
as  in  some  locality  sufficiently  far  to  the  north  of  a  strong 
southerly  wind  to  be  out  of  reach  of  its  influence  in  depressing 
the  barometer,  and  upon  which  the  air  from  the  depression 
flows;  though  probably  in  this  case  the  barometer  will  not 
rise  in  a  great  degree,  on  account  of  the  air,  whose  removal 
causes  a  deficit  of  pressure  in  one  locality,  being  so  extensively 
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spread  by  the  flowing  of  the  upper  current  on  others ;  the 
reason  why  elevations  of  a  degree  corresponding  to  depressions 
at  any  given  place  have  never  been  found  by  comparative  ob- 
servations*. 

9.  An  elevation  of  the  barometer  may  also  be  the  conse- 
quence of  a  previous  reduction ;  for  let  the  pressure  be  re- 
duced, as  at  C,  fig.  1,  the  returning  air  or  northerly  current 
which  sets  in  after  the  cessation  of  the  southerly  one,  will  oc- 
cupy a  portion  at  least  of  the  higher  regions  of  the  atmosphere 
where  it  is  not  wont  to  flow,  as  is  evident  from  the  figure. 
On  the  restoration  therefore  of  the  usual  pressure,  the  north 
current  will  be  blowing  not  only  in  its  own  proper  region,  but 
also  in  part  of  that  which  properly  belongs  to  the  southerly  one, 
and  will  continue  there  some  time  by  reason  of  its  acquired 
velocity  after  the  original  impulse  has  ceased  to  act ;  and  thus 
the  upper  current,  not  resuming  at  once  the  whole  of  its  ac- 
tion, and  consequently  the  air  not  being  allowed  to  flow  from 
the  upper  parts  of  the  atmospheric  columns  as  rapidly  as  it 
is  brought  to  the  lower,  will  accumulate.  In  like  manner,  the 
elevation  of  the  barometer  may  be  the  cause  of  giving  to  the 
upper  current  a  great  velocity,  for  an  elevation  being  any- 
where produced,  the  force  by  which  the  lower  current  causing 
it  was  urged  on,  must  sooner  or  later  be  overcome  by  the  in- 
crease in  the  pressure  of  the  air  towards  which  it  flowed. 
But  this  current  being  overcome,  the  overplus  of  pressure 
will  then  increase  the  velocity  of  the  upper  one,  and  probably 
determine  the  flow  of  the  air  at  the  surface  of  the  earth  in 
the  same  direction ;  which  indeed  is  frequently  the  way  in 
which  an  elevation  of  the  barometer  subsides;  and  in  the  ob- 
servations given  in  this  essay,  in  which  are  included  two  pe- 
riods of  stormy  weather,  both  began  with  the  occurrence  of 
a  southerly  storm  after  a  high  barometer. 

10.  The  direction  of  the  wind  when  one  current  alone  pre- 
vails, is  determined  by  the  relative  situations  of  the  warm  air 
and  cold,  and  the  deflection  of  the  current  thus  produced,  by 
the  rotation  of  the  earth,  as  the  "trade  winds"  and  mon- 
soons of  the  tropics,  and  the  north-east  wind  of  high  latitudes ; 
but  when  the  opposite  currents  come  into  collision,  the  direc- 
tion is  the  resultant  of  their  forces,  and  thus  in  the  latter  re- 
gions we  have  winds  from  every  point  of  the  compass,  as  has 
been  pointed  out  by  Prof.  Kaemtz. 

11.  The  action  of  these  currents  meeting  together  and  pro- 
ducing the  various  winds  may  be  considered  as  follows : — The 
south-west  and  north-east  winds  blowing  from  two  stations,  A 
and  B,  and  meeting  together  at  a  station  between  them,  C, 

*  Daniell's  Meteorological  Essays. 
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may  cause  a  wind  in  any  direction,  according  to  their  force 
and  their  inclination  to  one  another;  if  it  be  on  the  eastern 
side  from  any  point  of  the  compass  between  a  north-eastern 
point  and  some  point  between  south  and  west,  it  will  be  very 
liable  to  change;  for  winds  from  these  points  being  produced 
by  the  direct  collision  of  the  descending  current  with  that 
from  north-east,  when  the  latter  is  blowing  on  the  surface  of 
the  earth  from  some  more  northern  station,  require  the  conti- 
nuance and  stability  of  a  current  whose  direction,  inasmuch 
as  it  is  from  east,  depends  upon  its  actual  velocity,  and  which, 
in  some  parts  of  it  at  least,  must  be  more  or  less  interfered 
with  by  the  flowing  of  the  resulting  wind;  hence  the  winds 
from  due  south,  or  south  of  east,  are  the  most  inconstant  and  the 
least  frequent  of  all  the  winds.  But  the  case  is  very  different 
with  the  winds  on  the  contrary  or  western  side  of  the  compass ; 
for  as  the  direction  of  the  southerly  current  is  formed  in  the 
upper  regions  of  the  atmosphere,  and  consequently  is  not  in- 
terfered with  by  that  of  the  resulting  wind  below,  and  the  op- 
position of  the  air  which  ought  to  form  the  northerly  current 
being  simply  that  of  a  pressure  from  north  when  not  actually 
flowing  towards  the  south,  and  only  in  some  degree  affected 
by  the  rotation  of  the  earth  when  the  wind  is  north-west,  the 
conditions  which  are  necessary  to  produce  the  westerly  winds 
are  much  more  capable  of  giving  them  stability  and  duration. 
When  these  winds,  instead  of  meeting  with  their  forces  di- 
rected more  or  less  obliquely  to  each  other,  meet  in  direct 
opposition  with  nearly  equal  strength,  a  calm  or  very  light 
wind  is  the  consequence. 

12.  But  a  rarefaction  of  the  air  being  anywhere  produced, 
the  direction  of  the  wind  may  be  further  modified  by  the  situ- 
ation of  this  rarefaction,  with  regard  to  the  atmospheric  co- 
lumns adjoining  it,  where  the  rarefaction  does  not  exist;  thus 
as  storms  in  high  latitudes  move  towards  east  (§  15),  the  re- 
turning current  in  some  parts  of  the  storm  is  deflected  from 
west. 

13.  The  cause  of  these  currents  being  the  difference  of 
temperature  of  adjacent  portions  of  air,  their  force  will  depend 
upon  the  amount  of  this  difference ;  hence  it  is  much  greater 
in  winter  than  in  summer,  when  the  great  length  of  day  in 
high  latitudes  lessens  very  greatly  this  difference*;  hence  also 
as  the  degree *to  which  the  reduction  of  the  atmospheric  pres- 
sure can  be  carried  by  the  flowing  of  the  upper  current  (§  2) 
depends  on  the  force  of  that  current,  and  the  degree  in  which 
air  can  be  accumulated  (§  7)   likewise  depends  on  that  of 

*  See  Phil.  Mag.  S.  3.  vol.  xx.  p.  467,  "On  the  Oscillations  of  the  Ba- 
rometer." 
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the  lower  one,  both  the  depressions  and  elevations  of  the  ba- 
rometer are  the  greatest  in  winter. 

14.  The  forces  which  urge  on  these  currents  are  accelera- 
ting forces ;  but  the  lower  current  being  exposed  to  the  fric- 
tion occasioned  by  its  flowing  along  the  surface  of  the  earth*, 
as  also  to  checks  given  by  inequalities  of  temperature,  its  force 
is  unequal  to  that  of  the  upper  one ;  hence  storms  are  by 
far  the  most  frequent  and  violent  from  south. 

15.  The  progressive  motion  of  a  south-west  wind  or  storm 
has  been  in  part  previously  considered  (§  3),  but  requires  fur- 
ther notice ;  it  will  be  according  to  figure  2  of  Plate  V.  Let 
the  upper  current  descend  upon  a  station  A  (the  top  of  the 
page  in  this  figure  and  those  of  §  16  and  1 7  being  supposed  the 
north)  with  more  or  less  force ;  as  shown  in  §  3  and  the  essay 
on  "  The  Storms  of  Tropics,"  the  storm  moves  or  recedes 
from  A,  in  the  direction  from  B  to  A ;  but  blowing  from 
south,  it  is  carried  by  the  rotation  of  the  earth  towards  east, 
or  as  if  impelled  in  the  direction  C  A;  hence  its  actual  path 
is  the  resultant  of  these  motions,  or  that  shown  by  the  arrow 
at  A.  In  this  direction,  therefore,  the  storm  will  arrive  at 
the  places  which  it  visits,  or  as  the  line  A  D  moving  in  a  di- 
rection perpendicular  to  its  length  ;  hence  also  H  A  will  be  a 
section  of  the  two  currents  at  their  place  of  meeting,  and  con- 
sequently the  line  or  parallel  of  the  line  of  the  minimum  at- 
mospheric pressure  (§  3),  extending  in  the  same  direction,  or 
that  shown  by  the  arrow.  The  progressive  motion  however 
will  not  be  in  the  same  direction  throughout;  for  let  A  be  the 
place  at  which  the  current  descends  on  the  arrival  of  the 
storm,  it  will  advance  a  certain  distance  along  the  surface.  In 
the  progressive  motion  just  considered,  there  is  a  compara- 
tively rapid  motion  from  west,  because  although  this  motion 
is  opposed  by  the  air  in  front  of  it,  yet  it  is  principally  on  the 
east  and  by  air  at  rest,  for  as  the  storm  recedes  and  one  por- 
tion of  air  descends  behind  the  previous  one,  the  opposition 
on  the  north  is  in  part  removed  by  the  first  descending  air 
from  that  which  descends  after  it;  but  when  the  air,  as  in  this 
part  of  the  storm,  advances  from  south  to  north,  this  opposi- 
tion is  felt  at  every  degree  of  its  progress ;  hence  the  path 
taken  by  the  wind  in  this  case  is  simply  the  resultant  of  the 
directions  of  the  two  forces,  but  that  from  south-west  being 
much  the  strongest,  it  is  from  a  point  much  nearer  to  this 
than  to  that  from  which  the  opposite  force  is  directed.     Now 

*  See  Phil.  Mag.,  October  1843,  "On  the  Storms  of  the  Tropics,"  p.  277. 
I  may  here  correct  an  error  in  the  note  on  that  page :  it  stated,  that  omitting 
the  two  months  in  which  the  change  of  the  monsoons  occurs,  the  differ- 
ence of  the  atmospheric  pressure  of  the  two  seasons  at  Canton  is  nearly 
one-third  of  an  inch  :  it  ought  to  have  been  nearly  half  an  inch,  or  0*44. 
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agreeably  with  this,  we  find  that  the  direction  of  the  wind  in 
such  cases  is  generally  at  first  from  S.S.E.,  but  as  the  storm 
continues,  it  changes  to  S.  or  S.W. ;  according  to  the  explana- 
tion given  of  the  lateral  motion  of  the  receding  wind  (one  por- 
tion removing  the  opposition  for  that  behind).  Therefore  let 
us  suppose  the  direction  of  the  advancing  air  to  be  from  due 
south  or  along  the  line  A  B;  then  a,  b,  c  will  be  stations  at 
which  it  arrives  in  its  progress;  but  at  the  time  it  reaches  any 
of  them  the  storm  will  have  moved  on  a  certain  distance  from 
A  in  the  direction  of  the  arrow ;  therefore  suppose  A  to  be 
moved  back  along  the  line  H  A,  then  the  wind  will  arrive 
on  each  point  of  the  line  E  A  from  a  point  immediately 
south  of  it  on  the  line  H  A ;  and  if  the  intervals  of  time  which 
have  elapsed  on  its  arrival  at  stations  equidistant  with  a,  6,  c, 
from  the  line  H  A  in  a  direction  due  north,  or  parallel  to 
A  B,  be  severally  represented  by  the  lines  aft  b  e,  and  c  d, 
parallel  to  the  arrow,  the  wind  will  arrive  at  the  stations  a,  b, 
c,  or  every  point  on  the  line  A  B,  asf,  e,  d,  or  the  correspond- 
ing points  of  the  line  E  A,  supposing  it  to  move  together 
with  the  line  D  A.  Thus  as  fresh  portions  of  air  will  advance 
as  the  point  A  moves  forwards,  the  storm  may  be  represented 
by  a  moving  body  of  air,  within  which  the  wind  is  S.W.,  S.  or 
S.E.,  and  whose  progressing  front  has  the  shape  DAE;  and 
we  may  name  that  part  of  it  represented  by  A  E  the  advancing 
portion*,  and  that  by  D  A  the  receding  portion,  according  to 
the  nature  of  the  motion. 

16.  In  storms  of  the  tropical  regions,  and  in  those  of  high 
latitudes  commencing  with  the  usual  atmospheric  pressure, 
the  former  of  these  is  apparently  insignificant ;  but  in  some 
cases  this  portion  of  the  storm  extends  over  so  great  a  space, 
and  the  phenomena  presented  by  it  are  so  peculiar,  that  it 
will  require  a  distinct  consideration.  It  is  evident  that  its  ex- 
tent, or  the  distance  to  which  the  wind  advances,  will  depend 
not  only  on  its  force,  but  also  on  the  greater  or  less  resistance 
of  the  air,  or  in  other  words,  the  greater  or  less  pressure  of 
the  atmosphere  in  front  of  it  (the  resistance  from  the  differ- 
ence of  temperature  being  supposed  the  same  in  all  cases); 
hence  we  find  that  the  cases  in  which  it  is  traced  in  the  fol- 
lowing observations  to  a  considerable  distance,  and  to  which 
this  paragraph  is  intended  principally  to  apply,  are  those  in 
which  the  height  of  the  barometer  has  been  much  reduced  by 
*  This  must  not  be  confounded  with  the  second  period  of  storms,  in 
which  the  north  wind  advances  upon  the  receding  south.  For  a  descrip- 
tion of  the  winds  in  both  the  parts,  A  C  and  C  B,  fig.  1,  of  a  progressing 
body  of  air,  see  this  Magazine,  vol.  xxiii.  p.  214;  if  the  several  directions 
there  given  be  reversed,  it  will  apply  to  this  case.  It  is  to  tropical  storms 
that  we  must  look  for  an  exhibition  of  these  phenomena  in  their  greatest 
simplicity. 
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a  previous  storm,  and  not  restored  on  the  arrival  of  the  advan- 
cing storm,  which  approaches  from  atmospheric  columns  on 
the  south  but  little  affected  by  the  preceding  one;  which  differ- 
ence indeed  is  apparently  the  cause  of  the  storm;  it  occurs 
however  after  the  returning  or  northerly  current  has  set  in  in 
the  north,  and  a  little  raised  the  height  of  the  barometer  there; 
and  on  its  termination,  the  height  of  the  barometer  in  the  south 
is  reduced  as  low  as  that  in  the  north,  in  some  parts  of  which 
it  is  depressed  to  a  greater  degree  than  before,  the  fall  begin- 
ning in  the  south  and  advancing  towards  north  as  the  wind 
itself.  But  not  only  this,  the  minimum  height  to  which  the 
barometer  is  reduced,  and  the  setting  in  of  the  north  wind 
(though  always  from  north-west),  occur  first  in  the  south,  but 
on  the  western  side  (by  the  south  being  now  meant  the  parts 
along  the  line  H  A  of  fig.  2,  Plate  V.,  where  the  upper  current 
is  supposed,  with  regard  to  localities  north  of  them,  first  to  de- 
scend); so  that,  in  the  south,  the  north  wind  is  blowing  and 
the  barometer  rising,  whilst  the  south  wind  is  blowing  and 
the  barometer  falling  in  the  north. 

The  advance  of  the  south  wind  northwards  after  its  cessa- 
tion on  the  south,  admits  of  very  easy  solution  on  the  suppo- 
sition of  the  storm  being  carried  forwards  by  means  of  por- 
tions of  air  descending  from  an  upper  current  flowing  in  its 
proper  position,  and  which  the  reduction  of  the  height  of  the 
atmospheric  columns  towards  which  it  is  moving,  allows  to 
flow  with  its  velocity  little  checked ;  thus  the  south  wind  con- 
tinues below,  not  by  the  force  of  the  original  impulse  received 
at  its  outset  from  the  line  H  A,  but  by  that  of  successive  im- 
pulses received  during  its  course:  moreover,  the  rapid  in- 
crease of  the  heights  of  the  atmospheric  columns  in  the  south 
by  the  influx  of  air  from  north-west,  still  maintains  the  upper 
current  of  the  atmosphere. 

The  setting  in  of  the  northerly  current  from  north-west  in 
the  south,  and  the  consequent  rising  of  the  barometer  before 
these  changes  occur  in  the  north,  may  be  explained  by  a  consi- 
deration of  the  form  of  the  space,  on  which  the  depression  of 
the  barometer  previous  to  the  occurrence  of  the  second  one 
produced  by  the  advancing  storm,  exists.  Suppose  the  greatest 
depression  of  the  barometer  to  be  produced  along  the  line 
A  B,  fig.  3,  Plate  V.  (H  A  of  fig.  2),  according  to  §  15,  and 
the  full  effect  of  the  first  storm  in  depressing  the  barometer 
to  have  taken  place ;  as  that  storm  moved  from  A  to  B,  the 
pressure  will  be  in  some  degree  restored  on  the  parts  of  this 
line  towards  A;  hence  the  depression  will  decrease  from  B  to 
A;  but  it  also  decreases  towards  C  (§  2) ;  hence  the  form  of 
this  space  on  the  west  will  be  somewhat  like  that  bounded  by 
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the  line  Fc  A  b,  the  pressure  increasing  from  B  towards  nil 
parts  of  that  line.  Under  these  circumstances,  then,  the  ad- 
vancing storm  occasioned  by  the  greater  height  of  the  atmo- 
spheric columns  about  C  than  of  those  about  B,  occurs,  and 
reduces  the  barometer  at  C,  so  as  to  make  it  the  place  of  the 
greatest  depression,  the  line  c  C  now  representing  the  line 
H  A  of  fig.  2.  But  whilst  the  south  current  is  thus  setting 
in  from  C,  the  north-east  is  blowing  from  b,  and  the  two 
meet  somewhere  between  these  points ;  and  there,  as  at  D, 
fig.  3,  the  wind  is  south-east  (§  11),  though  south-west  in  the 
localities  south  of  it ;  but  as  the  direction  of  the  current 
which  carries  off  the  air  so  as  to  produce  the  depression  is 
from  south-west,  the  depression  will  be  produced  in  that 
direction  also,  or  along  the  line  C  B.  Now  if  we  consider 
the  storm  to  have  advanced  from  any  line  drawn  from  C 
towards  the  circumference  of  the  depression  as  C  c,  it  is 
evident  that  whatever  part  of  this  we  suppose  a  particular 
portion  of  the  current  to  set  out  from,  its  condition  will 
be  the  same,  that  of  having  at  the  time  when  the  pressure 
of  the  atmosphere  is  reduced  to  the  lowest  point,  a  greater 
atmospheric  pressure  on  the  north-west  side,  or  along  lines 
drawn  from  it  to  the  circumference  cAb,  as  Ca  and  C  A, 
because  of  that  side  being  always  adjacent  to  atmospheric  co- 
lumns less  and  previously  affected  by  the  storm ;  hence  on  the 
line  Cc,  the  occurrence  of  the  minimum  in  order  of  time  will 
be  in  the  direction  from  c  to  C,  or  that  of  the  receding  storm 
(§  15).  Let  then  the  barometer  be  reduced  to  its  minimum 
height  at  C  (supposed  the  place  where  the  storm  is  most  in- 
tense), or  to  the  limit  of  its  equality  with  the  resistance  of  the 
air  in  the  direction  from  A  to  C,  and  let  the  air  at  d  be  re- 
duced to  the  same  degree  of  rarefaction,  or  to  one  (as  after- 
wards to  be  noticed)  not  quite  so  great.  These  stations  are 
subject  to  the  influence  of  the  pressure  increasing  along  the 
line  C  A ;  hence  from  any  station  E  on  that  line,  the  air  will 
tend  to  flow  towards  them,  as  indicated  by  the  arrows  at  E, 
the  effect  of  which  in  the  case  of  C  is  to  oppose  the  southerly 
current,  but  in  that  of  d  rather  to  assist  it ;  hence  whilst  at  C 
it  is  overcome  and  the  wind  sets  in  from  north-west,  it  conti- 
nues its  course  at  d.  The  commencement  of  the  restoration 
of  the  pressure  of  the  atmosphere  advancing  thus  from  C  to- 
wards D,  whilst  its  advance  from  west  is,  as  before  stated, 
along  the  line  c  C  or  A  C,  it  is  evident  that  every  point  of  the 
line  C  D  B  in  succession  from  C  will  be  related  to  a  line  par- 
allel to  A  C,  precisely  as  the  point  C  is  related  to  the  line 
A  C  at  the  time  of  the  setting  in  of  the  north  wind ;  and  the 
restoration  of  the  pressure  will  commence  as  the  line  A  C  ad- 
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varices  along  the  line  A  B,  except  that  as  it  approaches  B, 
from  the  great  extension  of  the  minimum  depression  in  the 
north,  the  point  A  may  move  more  slowly  than  the  point  C; 
near  this  time,  however,  the  north  wind  begins  to  set  in  di- 
rectly in  front  of  the  storm  from  north-east,  and  then  the  re- 
storation of  the  atmospheric  pressure  proceeds  throughout. 

But  not  only  does  the  minimum  of  the  barometer  occur  first 
at  the  point  C,  its  depression  is  also  sometimes  the  greatest  at 
this  point;  thus  at  9  a.m.  on  the  1 1th,  its  height  at  Cork  was 
28*93,  at  Belfast  29*10,  and  at  Plymouth  (to  the  south-east) 
29*11.  Thus  it  appears  that  the  barometer  in  this  instance 
was  about  one-tenth  of  an  inch  lower  at  a  station  similar  to 
the  point  C  than  at  the  point  d*.  In  §  2  it  is  stated  merely 
that  the  minimum  height  of  the  barometer  is  near  the  point 
of  meeting  of  the  opposite  currents,  in  order  to  simplify  the 
reasoning  of  that  paragraph ;  but  it  is  evident  that  it  will  be 
rather  to  the  south  of  it,  for  at  this  point  the  resistance  of  the 
air  in  front  of  the  south  wind  at  the  surface  of  the  earth,  is 
either  equal  to  its  force,  in  which  case  it  advances  no  further, 
or  if  not  equal  to  it,  it  is  yielding  to  it  and  retreating.  In 
either  case  the  opposition  will  cause  more  or  less  condensation 
where  it  is  immediately  felt,  but  the  opposition  decreases  to- 
wards the  higher  regions  of  the  atmosphere;  hence  (§  2)  the 
upper  current,  whose  force  is  only  exhausted  by  the  de- 
struction of  its  momentum,  carries  off  the  air  from  the  point 
d  (which,  for  the  sake  of  illustration,  let  us  suppose  the  limit 
of  the  south  wind),  and  the  positions  south  of  it,  so  as  still  to 
carry  on  the  reduction  of  pressure;  but  in  the  greatest  degree 
a  little  south  of  d  (or  at  C),  on  account  of  the  condensation 
decreasing  from  d  towards  C.  Now  in  storms  in  which  the 
advancing  portion  is  insignificant,  the  minimum  pressure  will 
be  very  near  the  point  C  of  fig.  1 ;  but  in  such  as  those  now 
in  consideration,  it  is  apparently  at  a  great  distance,  though 
the  difference  of  the  pressure  at  the  point  of  the  meeting  of 
the  currents,  and  that  of  the  minimum  pressure,  is  very  slight. 
The  distance,  however,  is  in  a  great  degree  only  apparent, 
being  occasioned  by  the  nature  of  the  advance  of  the  storm. 
17.  In  high  latitudes,  the  warmer  regions,  except  when  they 

*  This  appears  to  me  a  strong  confirmation  of  the  belief,  that  the  origin 
of  the  south  wind  is  that  upon  the  supposition  of  which  this  theory  is 
founded,  for  how  upon  any  other  than  that  of  air  descending  from  a  cur- 
rent which  flows  by  an  acquired  velocity,  could  a  current  flow  from  one 
station,  C  (fig.  3),  to  another,  d,  of  a  colder  temperature  and  greater  pres- 
sure? In  this  paragraph,  as  also  in  those  which  follow  it,  it  will  be  ob- 
served that  1  have  been  obliged  to  depart  from  the  form  of  the  reasoning 
in  the  others,  that  of  simple  deduction  from  the  principles  stated  at  the 
outset,  or  from  the  results  of  previous  paragraphs. 
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are  influenced  by  geographical  situation,  have  their  position, 
with  regard  to  colder,  constantly  on  the  equatorial  side  of 
them,  both  in  winter  and  summer;  but  in  tropical  regions 
these  positions  in  summer  are  reversed  by  the  change  in  the 
point  over  which  the  sun  is  vertical ;  hence  the  currents  also 
are  either  permanently  reversed  during  this  season,  as  in  the 
monsoons  of  the  Indian  ocean  ;  or,  as  in  the  "  trade  winds," 
their  position  is  altered  and  their  constancy  interrupted,  and 
sometimes  at  least  their  direction  reversed* ;  thus  the  tropical 
hurricanes  of  the  Atlantic,  which  occur  only  during  summer, 
and  the  storms  of  the  Indian  ocean,  which  occur  during  the 
same  season,  that  is  when  the  south-west  monsoon  is  blowing, 
have  their  relative  parts  precisely  the  reverse  of  those  of  high 
latitudes,  the  descending  current  being  from  north,  from  which 
quarter  the  storm  commences,  and  the  returning  one  from 
south,  whilst  the  progressive  motion  is  towards  north-west. 

These  storms  visit  only  the  western  parts  of  the  Atlantic,  a 
fact  which,  on  the  supposition  of  their  origin  being  the  descent 
of  the  upper  current,  is  readily  explained  by  a  glance  at  the 
position  of  the  continents  of  Africa  and  America ;  the  western 
part  of  the  Atlantic  having  the  latter  stretching  out  on  the 
north  of  it  and  radiating  the  heat  of  the  summer's  sun,  whilst 
the  former  extends  on  the  south  of  the  eastern  parts,  having 
only  the  waters  of  the  ocean  on  the  north.  But  these  storms 
near  the  boundary  of  the  tropics  change  their  directionf  and 
pass  along  the  eastern  coast  of  North  America  and  parts  ad- 
jacent, and  present  phaenomena  different  from  those  of  storms 
which  take  their  rise  in  extra-tropical  latitudes,  but  to  which 
the  explanation  given  in  the  foregoing  paragraph  of  the  phae- 
nomena of  the  advancing  portion  of  storms  in  the  longitudes 
of  Europe,  may  with  some  modification  be  applied.  In  my 
paper  on  the  Storms  of  the  Tropics,  I  have  referred  to  two 
storms  of  this  kind,  which  advanced  along  the  coast  of  the 
United  States  in  a  direction  from  S.S.W.  to  N.N.E.,  of  which 
the  data  collected  by  W.  C.  Redfield  are  given  in  Col.  Reid's 
work  on  Storms.  As  a  general  explanation  only  was  before 
given  of  their  phaenomena,  it  may  now  be  proper  to  give  one 

*  For  a  particular  explanation  of  the  phaenomena  of  these  storms  I  must 
refer  the  reader  to  my  essay  in  this  Magazine,  vol.  xxiii.  I  may  observe 
here,  however,  that  the  identity  of  the  phaenomena  of  the  storms  of  the 
Atlantic  and  Indian  ocean  is  sufficient  evidence  of  the  same  condition  of 
the  currents  in  the  former  as  in  the  latter  at  the  time  of  the  occurrence  of 
the  hurricane;  but  in  the  western  part  of  the  Atlantic,  which  is  the  loca- 
lity of  the  hurricanes,  the  south  is  the  prevalent  wind  in  summer.  (See 
an  Essay  on  the  Climate  of  Barbadoes,  by  Robert  Lawson,  in  the  Edin- 
burgh Phil.  Journal  for  July  1845.) 

f  On  the  Storms  of  the  Tropics,  Phil.  Mag.  vol.  xxiii.  p.  206. 
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more  explicit.  I  have  therefore  quoted  below  the  principal 
data  of  the  second  of  these  storms  (Law  of  Storms,  p.  18),  and 
from  them  constructed  a  chart  (Plate  IV.),  showing  the  direc- 
tion of  the  wind  at  the  different  localities  at  the  onset  of  the 
storm,  and  the  time  occupied  by  the  first  period  of  it. 

"  At  Charleston  (S.  C),  on  the  16th,  the  gale  was  from  the 
S.E.  and  E.  till  4  p.m.,  then  N.E.  and  round  to  N.W. 

"  At  Wilmington  (N.  C.)  the  storm  was  from  the  E.,  and 
veered  subsequently  to  the  W. 

"  In  the  vicinity  of  Cape  Hatteras,  at  sea,  the  storm  was 
very  heavy  from  S.E.,  and  shifted  to  N.W. 

"Early  on  the  morning  of  the  17th,  the  gale  was  felt  se« 

verely  at  Norfolk,  and  also  in  Chesapeak  Bay  from  the  N.E. 

"  Off  the  Capes  of  Virginia,  on  the  17th,  in  lat.  36°  20',  long. 

74°  2',  a  'perfect  hurricane'  from  S.  to  S.S.E.  from  5  a.m. 

to  2  p.m.,  then  shifted  to  N.W. 

"  Off  Chincoteaque  (M.d.),  precise  distance  from  the  coast 
unknown,  the  gale  was  severe  between  S.S.E.  and  N.N.E. 

"  Off  the  coast  of  Delaware,  in  lat.  38°,  long.  72°,  '  tremen- 
dous gale,'  commencing  at  S.E.  at  I  p.m.  on  the  17tb,  and 
blowing  six  hours,  then  changed  to  N.W. 

"At  Cape  May  (N.  J.)  the  gale  was  N.E.  off  Cape  May, 
in  lat.  39°,  long.  74°  15';  heavy  gale  from  E.N.E.  on  the  af- 
ternoon of  the  17th  of  August. 

"  Near  Egg  Harbour,  coast  of  New  Jersey,  the  gale  was 
heavy  at  N.E.  on  the  same  afternoon. 

"Off  the  same  coast,  in  lat.  39°,  long.  73°,  the  gale  was  at 
E.N.E. 

"  In  the  same  latitude,  long.  70°  30',  \  tremendous  gale,' 
commencing  at  S.S.E.  and  veering  to  N. 

"  At  New  York  and  on  Long  Island  Sound,  the  gale  was 
at  N.N.E.  and  N.E.  on  the  afternoon  and  evening  of  the 
17th. 

"  Off  Nantucket  Shoals,  at  8  p.m.,  the  gale  commenced  se- 
vere at  N.E.  by  E. 

"In  the  Gulf-stream,  off  Nantucket,  in  lat.  38°  15',  long. 
67°  30',  on  the  night  of  the  17th,  'tremendous  hurricane,' 
commencing  at  S.,  and  veering  with  increasing  severity  to 
S.W.,  W.,  and  N.W. 

"At  Elizabeth  Island,  Chatham,  and  Cape  Cod  (Mass.), 
the  gale  was  severe,  at  N.E.,  on  the  night  between  the  17th 
and  18th. 

"  On  the  18th,  heavy  gale  from  N.E.  at  Salem  and  New- 
bury Port  (Mass.). 

"Early  on  the  18th,  in  lat.  39°  51',  long.  69°,  severe  gale 
from  S.E.,  suddenly  shifting  to  N. 
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"  In  lat.  41°  20',  long.  66°  25',  <  tremendous  hurricane '  from 
N.N.E.  on  the  18th." 

I  cannot  refer  to  the  charts  given  by  Col.  Reid,  because  the 
directions  of  the  wind  marked  out  in  them  do  not  indicate  the 
direction  in  any  regular  order  with  regard  to  the  two  periods 
of  the  storm. 

Now  the  general  order  of  the  phaenomena  of  the  storms  (for 
it  is  the  same  in  both,  the  second  being  selected  merely  be- 
cause of  the  information  concerning  it  being  more  full  than 
in  the  first  one,  apparently  on  account  of  its  position  being 
more  westerly,  and  therefore  including  a  larger  portion  of  the 
United  States)  are  as  follows: — The  storm  commences  at  S.E. 
or  N.E.,  but  in  both  cases  terminates  at  N.W.,  excepting  in 
a  few  instances — principally  near  the  limit  of  the  storm  in  the 
north — where  the  direction  of  the  wind  at  both  the  onset  and 
termination  of  the  storm  is  from  N.E.  The  veering  of  the 
wind  is  sometimes  from  S.E.  to  N.E.  and  then  to  N.W.,  but 
more  generally  at  once  from  S.E.  to  N.W. ;  and  when  the 
onset  is  from  N.E.,  sometimes  from  N.E.  to  S.E.,  and  after- 
wards to  N.W.,  but  more  frequently  directly  from  N.E.  to 
N.W.  The  differences  between  the  storms  now  under  con- 
sideration, and  those  to  which  §  16  specially  applies,  are, 
— 1st,  that  in  the  former  the  rarefaction  of  the  atmosphere 
is  much  more  suddenly  produced,  on  account  of  the  much 
greater  force  of  the  wind,  and  hence  the  extent  and  duration 
of  each  continuous  portion  of  the  storm  is  much  less  than  in 
the  latter;  thus  instead  of  one  wind  prevailing  at  once  over 
a  large  extent  of  surface,  as  from  the  extreme  south  to  the 
north  of  England,  and  for  a  long  period,  an  American 
storm,  over  the  same  length  of  tract,  consists  of  many  alter- 
nate portions,  in  which  the  direction  of  the  wind  varies,  as 
shown  in  the  account  given  of  its  changes,  and  continues  only 
for  a  few  hours;  and,  2ndly,  in  British  advancing  storms 
the  collision  of  the  north  and  south  current  takes  place  from 
the  flow  of  the  opposite  currents  towards  a  rarefaction  pro- 
duced by  a  previous  storm ;  but  in  American  storms  the  rare- 
faction in  the  first  instance  is  occasioned  by  the  recession  of 
the  storms  from  localities  where  the  directions  of  the  atmo- 
spheric currents  are  the  reverse  of  those  which  are  now  con- 
cerned in  it.  Now  from  the  distribution  of  the  arrows  in  the 
chart,  we  perceive  that  the  localities  where  the  wind  is  S.E. 
have  a  constant  position  with  regard  to  those  where  it  is  N.E. ; 
and  if  we  select  any  three  or  four  positions  in  the  track  of  the 
storm,  at  the  time  when  the  wind  at  the  most  southerly  one 
has  changed  to  N.W.,  the  wind  at  the  same  instant  of  time 
will  be  blowing  according  to  the  directions  shown  by  the  ar- 
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rows  at  ABCE,  Plate  V.  fig.  4*.  Now  the  upper  current 
by  which  these  storms  begin  within  the  tropic  is  from  north- 
east, but  after  this  change  in  their  course  the  upper  current 
is  from  south-west  and  the  lower  one  north-east;  let  us  then 
suppose  A  the  station  at  which  the  storm  first  arrives  after  the 
change  in  the  direction  of  the  atmospheric  currents,  the  upper 
one  being  now  S.W.,  the  rarefaction  of  the  atmosphere  is  first 
produced  here  by  the  flowing  of  the  air  from  it  towards  south, 
according  to  the  recession  of  tropical  storms,  and  into  this 
rarefaction  the  south  current  descends,  but  instead  of  restoring 
the  atmospheric  pressure,  it  still  further  increases  its  diminu- 
tion by  its  momentum,  and  extends  northwards  and  eastwards 
to  B.  But  it  is  evident  that  the  rarefaction  will  extend  to  a 
much  greater  distance  in  front  of  the  storm  than  on  the  west- 
ern side  of  itf,  hence  the  pressure  on  the  line  A  C,  fig.  3  (but 
now  less  inclined  from  C  B),  overcomes  at  length  the  force  of 
the  south  wind  at  A  where  the  depression  of  the  barometer  is 
the  greatest  and  the  wind  sets  in  from  N.W.,  as  shown  in  the 
figure,  and  restores  the  pressure,  so  as  to  maintain  by  again 
raising  the  height  of  the  atmospheric  columns  at  A,  the  velo- 
city of  the  upper  current  now  flowing  to  more  northerly  lo- 
calities. 

But  whilst  this  is  going  on,  the  north-east  wind  is  blowing 
at  C  and  E,  being  produced  there  by  two  causes,  its  recession 
from  A,  and  the  flow  of  air  produced  by  the  rarefaction  at  the 
limit  of  the  south  wind,  as  at  E,  fig.  1,  Plate  V.;  and  as  the 
direction  of  the  upper  current  is  from  south-west,  the  diminu- 
tion of  the  atmospheric  pressure  is  of  course  carried  on  in  that 
direction ;  and  hence  a  rarefaction  is  maintained,  into  which 
the  south  current  flows  from  columns  at  a  point  eastward  of 
A,  as  B,  which  as  yet  is  not  subject  in  so  great  a  degree  as 
A,  to  the  opposition  of  the  air  on  the  line  A  C  of  fig.  3.  But 
the  south  wind  meeting  the  north,  the  wind  is  S.E.  But  as  the 
line  A  C  advances,  its  pressure  prevails  both  at  B  and  C,  and 

*  I  would  just  remark  in  passing,  how  well  these  positions  would  accord 
with  the  hypothesis  of  the  wind  moving  in  a  whirl,  could  the  fourth  quarter 
wanting,  when  the  wind  should  be  south-west,  be  found,-  but  scarcely  one 
observation  of  tlie  wind  from  south-west  occurs  in  the  direct  path  of  the 
storm,  for  when  the  wind  is  stated  as  blowing  from  south-west,  it  is  either 
previous  to  the  change  in  the  progressive  motion,  or  to  the  west  of  the 
"  hurricane  tract  of  the  storm."  The  occurrence  of  the  southerly  current 
as  a  south-east  wind  in  front  of  the  north-east,  as  exhibited  by  the  dia- 
grams, is  a  grand  illustration  of  §  11.  - 

f  This  is  evident  from  the  direction  of  the  progressive  motion,  but  an 
observation  given  in  the  data  of  the  storm  of  1821  (Law  of  Storms,  p.  16) 
shows  how  abruptly  the  storm  terminates  on  the  west,  for  ''at  Wilmington 
there  was  no  gale,"  but  "  a  severe  gale  was  experienced  thirty  miles  out* 
side  of  the  American  coast  off  Wilmington  (N.  Carolina)." 

T2 
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changes  the  wind  at  both  places  to  north-west,  whilst  the  phe- 
nomena previously  in  existence  at  those  stations  are  removed 
to  others  further  north.  Now  it  is  obvious  that  whilst  at  a 
station  C,  fig.  4,  where  the  wind  is  north-east,  it  may  change 
directly  to  north-west,  at  another,  E,  more  to  the  east,  it  will 
change  first  to  south-east  if  the  south  wind  has  the  greatest 
force;  but  if  the  north-east  become  the  strongest,  which  at 
any  particular  spot  may  be  the  case,  the  wind  in  the  first  part 
of  the  storm  from  south-east  may  change  to  north-east  before 
changing  to  north-west,  as  shown  by  some  of  the  data; — a 
particular  instance  may  be  given. 

From  the  data  of  the  hurricane  of  1821  (Law  of  Storms, 
p.  17),  "At  Cape  Henlopen,  Delaware,  the  hurricane  com- 
menced at  11|  a.m.  from  E.S.E. ;  shifted  in  twenty  minutes 
to  E.N.E.  and  blew  very  heavy  for  nearly  an  hour.  A  calm 
of  half  an  hour  succeeded,  and  the  wind  then  shifted  to  the 
W.N.W.  and  blew,  if  possible,  with  still  greater  violence." 
"  At  Cape  May,  New  Jersey"  (a  little  to  the  north-east  of  the 
previous  locality),  "  commenced  at  N.E.  at  2  p.m.  and  veered 
to  S.E."  Thus  it  appears  that  at  two  stations  situated  with 
regard  to  each  other  as  A  and  E,  the  phenomena  were  as 
follows: — At  A  the  storm  arrived  at  11^  a.m.,  and  blew  as 
an  E.S.E.  wind,  but  about  12  p.m.  the  north  current  had  in- 
creased in  force  and  the  wind  changed  to  E.N.E.,  from  which 
point  it  blew  for  an  hour,  or  till  1  p.m.  All  this  time  it  ap- 
pears there  was  no  storm  at  E.,  but  the  N.E.  wind  had  re- 
ceded to  it  at  2  p.m.,  and  began  to  blow  at  that  time,  but  the 
S.  wind  soon  arrived  with  greater  strength  and  the  wind 
changed  to  S.E.  But  if  this  be  the  true  explanation  of  the 
action  of  these  storms,  then  according  to  that  given  of  the  mode 
of  progression  of  receding  storms,  they  ought  to  increase  on 
the  western  side  towards  north-west  by  the  recession  of  the 
north-east  current;  and  on  the  south-west  towards  south-east 
by  the  recession  of  the  south  wind.  Now  with  regard  to  the 
increase  on  the  west  side;  as  the  direction  of  the  north  wind 
is  opposed  to  that  of  the  upper  current,  it  is  evident  that  by 
extending  itself  to  the  west,  it  cannot  extend  the  rarefaction; 
and  this  being  produced  in  a  direction  from  south-west  to 
north-east  by  the  flow  of  the  upper  current,  the  resistance  on 
the  west  side  would  soon  overcome  the  advance  from  east : 
moreover,  the  north-east  wind  is  not  caused  simply  by  its  re- 
cession from  south,  but  by  the  production  or  increase  of  the 
atmospheric  rarefaction,  as  at  E,  fig.  1.  §  2.  None  of  these 
causes  however  operate  as  obstacles  to  its  increase  towards 
south-east,  and  hence  we  find  that  the  storm  actually  does  in- 
crease towards  east,  and  that  throughout  its  whole  extent  a 
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south  wind  progresses  towards  south-east.  This  is  shown  by 
the  data,  together  with  the  report  of  the  ship  Blanche,  whose 
log  is  given;  for  on  the  17th  (a.m.)  she  was  in  lat.  31°  42', 
long.  76°  59',  with  "  fresh  breezes  and  squally  "  from  south  by 
west,  but  at  this  time  the  hurricane  was  "  off'  the  Capes  of  Vir- 
ginia in  lat.  36°  20',  long.  74°  2';"  again,  "  off  Nantucket 
Shoals  (lat.  41°  5',  long.  70°)  the  gale  commenced  at  8  p.m.  of 
the  17th,"  and  "off"  Nantucket,  in  lat.  38°  15',  long.  67°  30', 
on  the  night  of  the  17th;  also  early  on  the  18th,  in  lat. 
39°  51',  long.  69°." 

18.  It  is  obvious  that  the  foregoing  results,  if  correct,  ought 
to  enable  us  to  explain  the  mode  of  veering  of  the  wind,  and  so 
in  great  measure  they  will ;  and  when  they  are  defective,  the 
want  arises  from  our  ignorance  of  the  circumstances  imme- 
diately contingent  on  the  descent  of  the  upper  current.  If  air 
simply  descends  upon  the  north-east  current,  or  meets  it  from 
a  position  on  the  south,  it  is  evident  that  whether  it  changes 
towards  west  or  towards  south  of  east,  will  depend  on  the 
degree  of  easterly  deflection  the  north  wind  has  attained ; 
hence,  if  the  north  wind  be  blowing  briskly,  the  change  would 
probably  be  towards  south  of  east ;  and  if  feebly,  towards 
west.  Also,  if  a  station  upon  which  the  north-east  wind  is 
blowing  receive  a  south  wind  approaching  it  as  the  line  A  D 
(fig.  2),  it  is  obvious  that  it  could  not  change  to  north-west 
and  then  to  south-west,  for  the  air  sweeping  along  the  surface 
in  the  direction  of  D  A  would  gradually  draw  the  air  adjacent 
to  it  into  its  own  direction ;  consequently  the  wind  would 
change  first  to  south-east.  Now  this  change  does  generally 
occur,  but  not  always ;  for  on  the  7th  and  8th  of  the  month 
chosen  for  these  observations,  the  wind  changed  from  north- 
east to  north-west,  and  blowing  in  that  direction  some 
time,  afterwards  changed  to  south-west  on  the  arrival  of  a 
storm  moving  like  that  of  fig.  2.  From  this  therefore  we 
may  infer,  that  portions  of  the  upper  current  were  already 
descending  when  it  arrived  in  full  force  as  a  south-west  storm. 
The  change  of  the  wind  from  south  to  north,  however,  is  not 
so  much  dependent  on  circumstances.  The  position  of  the 
line  A  C,  fig.  3,  which  must  always  exist  with  more  or  less 
inclination  to  the  direction  of  the  storm  or  D  A,  fig.  2,  and 
C  D  B,  fig.  3  (its  peculiar  effect  in  the  case  of  §  1 6  being  oc- 
casioned by  the  peculiarity  in  the  distribution  of  the  pressure 
of  the  atmosphere  on  the  line  C  D),  determines  it  in  this 
case  ;  thus  we  find  that  in  the  southern  and  western  portions 
of  the  locality  of  a  south  wind,  the  south  wind  first  changes 
to  north-west ;  but  as  the  north-east  wind  advances  from  the 
northern  verge  of  the  storm  or  wind,  it  changes  again  to 
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north-east, — a  change  from  south-west  to  south-east  in  this 
case,  in  the  southern  localities,  being  almost  impossible  whilst 
the  wind  continues  to  blow  on  the  south-east  side  of  the 
locality  which  the  storm  has  left.  Now  it  is  matter  of  general 
observation  that  the  wind  very  seldom  changes  in  this  direc- 
tion, or  from  south-west  to  south-east,  being  indeed  termed 
by  nautical  men  "  backing" ;  there  is  however  a  particular 
case  in  which  the  wind  sometimes  changes  from  S.W.  to 
S.S.E.  in  the  northern  or  central  portions  of  a  space  occupied 
by  a  storm ;  and  that  is  in  the  occurrence  of  a  storm  as  that 
of  §  16,  the  circumstances  of  which  fully  explain  the  excep- 
tion, for  the  change  is  the  consequence  of  the  collision  of  the 
currents  by  which  the  S.S.E.  wind  is  produced,  and  hence  it 
takes  place  at  what  for  the  moment  is  on  the  northern  verge 
of  the  south  wind,  where  of  course  a  change  produced  by  a 
north-east  wind  meeting  it  may  make  it  south-east*. 

Having  carried  out  thus  far  the  results  of  the  principles 
stated  at  the  beginning  of  this  paper,  I  may  now  proceed  to 
give  the  observations  which  I  have  collected,  and  first  those  of 
the  wind,  extracted  from  the  Shipping  Gazette. 
Scotland. —  Orkney,  Longhope. — "  November  1.     N.,  moderate.     2. 

S.E.,  fresh  breeze.     5.  N.W.,  moderate.     8.  S.W.,  blowing  hard; 

rain.     11.    E.,  strong  breeze;    rain.      13.    N.E.,   squally.     15. 

N.N.E.,  fresh.     16.  N.E.,  frosty.     19.  E.,  strong  breeze;  rain. 

20,  21.  N.  to  N.E.,  frost  and  sudden  squalls.     22.  E.  to  S.E. 

23.  E.,  fresh  breeze." 
Pentland  Frith. — "Nov.  7.    N.W.,  moderate :    night,  S.W.  ;    very 

strong  throughout  the  night.     8.  S.W.     18.  W.,  moderate.     19. 

S.E.,  moderate  ;  rain  :  6  p.m.,  N.E.,  moderate." 
Thurzo.—"  Nov.  2.    S.E.,  moderate.     8.  S.W.,  fresh  breeze.     10. 

N.W.,  heavy  gale.     11.  N.E.     17.  S.W.     18.  N.E.     19.  S.E., 

moderate  weather.     23.  S.E." 
Peterhead.—"  Nov.  1.  N.W.,  light.    3.  S.E.  to  E.S.E.,  light  breezes. 

4.  E.,  moderate.     5.  N.E.,  fresh  breeze.     8.  S.W.,  fresh  breeze. 

9.  S.W.,    strong   gale.     19.    S.E.   to   N.E.,   rainy.     20.  N.E., 

strong  breeze.     23.  E.N.E.,  fresh  breeze.     24.  E.,  strong." 
Inverness. — "Nov.  19.  N.E.,  calm  and  raining.     26.  N.E.,  calm; 

rain." 
Aberdeen.— "  Nov.  17.  E.N.E.     18.  Variable,  E.N.E." 
Mull — Tobermorey. — "Nov.  3.  S.E.  4.  S.E.,  moderate  breeze.  5.  S.E. 

to  E.,  light  breeze.     7.  Variable  ;  light  airs  and  heavy  showers  of 

rain.     8.  S-W.,  strong  gales.     9.  S.W.,  "fresh  breeze,  with  rain 

at  intervals.     10.  E.N.E.,  fresh  breeze.     11.  E.,  strong  breeze. 

12.  W.   to  S.,  light  airs;   variable.     13.  E.N.E.,  fresh  breeze. 

*  In  these  paragraphs  I  have  omitted  any  mention  of  the  differences  of 
the  mean  pressure  on  different  latitudes  of  the  surface  of  the  earth,  not 
because  of  its  unimportance,  but  because  it  would  merely  be  a  transcript 
of  my  essay  on  that  subject  in  this  Magazine,  vol.  xx.  p.  469. 
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14.  E.N.E.,  moderate  breeze.  15.  E.N.E.,  fresh  breeze.  16. 
E.  to  S.E.,  fresh  and  squally.  17.  S.S.W.,  moderate  breeze. 
22.  S.S.E.,  strong  gales ;  heavy  rain.  23.  S.,  moderate  breezes. 
24.  N.N.E.,  strong  breezes." 

Islay. — Bowmore. — "  Nov.  2.  N.E.  10.  S.W.,  blowing  hard.  15. 
N.E.    16.  S.E.,  a  gale.    21.  S.S.E.    23.  N.W.    25.  N.E. ,  fresh." 

Bute. — Rothsay. — "  Nov.  1.  W.,  blowing  strong.  9.  S.W.,  blow- 
ing strong.     20.  S.W.,  blowing  strong." 

Greenock.—1'  Nov.  1.  W.,  fine.  7.  S.W.,  fine.  11.  N.N.W.  and 
S.E.,  moderate.  12.  S.,  light  airs;  calm.  14.  W.,  moderate. 
18.  S.E.,  moderate.  19.  S.,  light  airs;  rain.  22.  S.E.,  snow 
and  sleet.  23.  Variable;  light  airs  and  calm.  24.  E.,  fresh 
breezes  with  showers." 

Glasgow *'  Nov.  3.  E.,  moderate.    6.  N.E.,  fine.    8.  6  p.m.  wind 

veered  round  to  S.W.,  and  blowing  a  gale  outside.  10.  Shortly 
after  we  had  posted  our  letters  (on  the  8th)  it  began  to  blow  a 
heavy  gale,  which  towards  night  became  a  hurricane  with  rain, 
which  continued  all  day  (the  9th).  Today  (10th)  wind  N.E., 
fair.  14.  6-30'  p.m.,  wind  since  Saturday  last  (12th)  chiefly 
from  N.  to  N.E.,  light.     17.  N.E.,  light." 

Leith  Roads. — "Nov.  14.  N.N.E.,  fine.     17.  Variable;  fair." 

Ireland. — Donegal. — "  On  the  night  of  the  8th,  about  8  o'clock,  there 
was  a  heavy  gale  of  wind  from  W.  to  S.W.     26.  W.N.W." 

Strangford.—"  Nov.  1.  W.  2.  E.S.E.,  fine.  3  and  4.  E.S.E., 
fresh.  5.  E.  by  N.,  fine.  14,  15,  16.  E.,  strong  breeze.  17. 
E.S.E.,  strong.  18.  W.S.W.,  heavy  breeze  with  rain.  19.  W. 
21.  E.  22.  W.byN.  23.  W.S.W.  25.  E.S.E.,  strong;  rain. 
26.  N.W.,  rain." 

Arklotv. — "  Nov.  6.  E.N.E.,  fresh  breezes.  9.  a.m.  S.W.,  gtrong 
gales  with  rain  :  p.m.  strong  gales.  10.  At  day-break,  E.,  strong 
gales  with  rain:  p.m.  S.S.W.,  blowing  hard.  11.  a.m.  S.W., 
strong  gales.  12.  a.m.  S.W. ,  strong  gales  and  rain  :  p.m.  W., 
fresh  breeze.  13.  a.m.  W.S.W. ,  fresh  gales  with  rain:  p.m. 
S.W.,  moderate.  14.  a.m.  N.E.,  strong  gales :  p.m.  E.N.E.  to 
E.S.E.,  a  gale  after  sunset  with  heavy  incessant  rain.  15.  E.  by 
S.,  a  heavy  gale  with  torrents  of  rain.  16.  E.,  heavy  gale.  17. 
E.,  strong  gales  :  p.m.  E.N.E.,  fresh  gales.  18.  a.m.  S.W., 
strong  gales  :  p.m.  S.W.,  strong  gales.  19.  S.W.,  strong  gales. 
20.  a.m.  E.N.E.,  fresh  gales  :  p.m.  S.,  hard  gales  and  rain.  21. 
E.N.E.,  a.m.  moderate  :  p.m.  freshened  to  a  gale.  22.  W.N.W., 
fresh  gale.  23.  a.m.  W.,  moderate  :  p.m.  S.,  squally.  24. 
W.S.W.,  fresh  gales  :  p.m.  W.,  more  moderate.  25.  a.m.  W., 
moderate :  p.m.  W.N.W. ,  moderate.     26.  W.  by  N.,  moderate." 

Waterford.— "  Nov.  2.  W.S.W.,  S.E.,  and  S.S.E.  3.  S.E.  to  S.S.E. 
4.  E.  to  S.E.,  E.,  and  N.E.  14.  W.  by  N.  to  W.S.W.,  S.S.W., 
and  W." 

Youghall. — "Nov.  11.  N.E.,  light  breeze;  hazy  with  rain.  12. 
W.S.W.,  fresh  breeze ;  rain.  20.  E.  by  S.,  fresh  breeze,  with 
rain." 

Galway.-~ "  Nov.  3.  E.S.E.    5.  E.,  fine.    6.  E.S.E.,  moderate.    21. 
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Hard  gales  from  E.N.E.  for  some  days  past.  22.  Much  rain  last 
night ;  wind  strong  from  E.N.E. ;  today  more  moderate ;  wind 
W.S.W.     26.  N.N.W.,  light  airs." 

Limerick. — "Nov.  10.  S.S.E.,  moderate.  11.  S.,  moderate.  14. 
S.S.E.,  moderate.     15.  S.S.E.,  blowing  hard,  with  rain." 

Cove  of  Cork. — "Nov.  2.  Strong  gales  with  rain.  3.  S.E.,  stormy, 
with  rain.  4.  S.E.,  strong  breezes.  5.  N.E.,  a  gale.  6.  N.N.E., 
fresh  breeze.  7.  N.N.W.,  moderate.  9.  S.W.,  stormy,  with 
rain.  10.  S.E.,  moderate;  rain.  11.  S.S.W.,  showery.  12. 
W.N.W.,  clear.  13.  S.S.W.  to  W.N.W.,  variable;  squally; 
heavy  showers.  17.  E.,  strong  breeze.  18.  S.W.,  stormy,  with 
rain.  19.  S.W.,  moderate.  20.  E.,  strong  breeze;  rain.  21. 
S.E.,  moderate.  22.  N.N.W.,  strong  breeze ;  fair.  23.  S.E., 
strong  breeze.  24.  W.S.W.,  fresh;  heavy  showers.  25.  N.N.W. 
26.  N.W.,  stormy  and  showers." 

England,  West  Coast. — Holyhead. — "Nov.  1.  N.  toN.E.,  moderate. 
2.  Variable  and  fine.  4  and  5.  E.  to  E.N.E.,  strong;  squally. 
6.  E.  by  N.,  fresh  breeze.  7.  N.E.,  fresh  breeze.  8.  W.S.W. , 
fine  breeze.  9.  S.W.,  strong  gale  ;  hazy;  wet.  10.  a.m.  E.S.E., 
fine  breeze ;  rainy  :  p.m.  S.  to  S.S.W. ,  strong  breeze  and  squally. 
11.  S.,  moderate.  12.  W.N.W.,  strong  breeze.  13.  Variable; 
moderate;  rain.  14.  E.,  fine  breeze.  15.  E.,  strong  gale; 
showery:  9  p.m.  continued.  16.  E.,  blowing  excessively  hard. 
17.  S.E.,  fine  breeze :  8  p.m.  S.,  moderate.  18.  S.W.,  fresh 
breeze.  19.  W.S.W.,  strong;  rainy ;  night  variable.  20.  E.S.E., 
fresh  breeze:  8  p.m.  E.,  fresh.  21.  E.,  moderate.  22.  N.W., 
strong  gale.  23.  Last  night  N.W.,  strong  gale ;  today  veered 
to  W.S.W.,  fine  breeze :  8  p.m.  S.S.E.,  fine  breeze.  24.  Vari- 
able from  S.E.  to  S.S.W.,  fresh  breeze;  showery.  25.  W.S.W. 
to  S.W.,  fresh;  showery.     26.  W.S.W.  to  W.,  fresh;  rain." 

Beaumaris. — "Nov.  11.  S.W.,  much  rain.  12.  S.W.,  fresh ;  rain. 
13.  S.W.,  much  rain.  14.  E.,  fresh.  17.  E.,  fine.  18.  S.S.W., 
fresh;  rain.  19.  S.S.W.,  fresh;  rain.  20.  S.S.E.  22.  W., 
fine.     23.  S.E.,  fresh.     25.  S.W." 

Bristol. — "  Nov.  4.  E.,  strong.  8.  E.,  moderate.  10.  4  r.M. 
S.S.W.,  very  strong.  11.  S.W. ,  showery.  13.  It  has  continued 
squally  from  S.W.  to  W.  since  my  last,  and  a  great  quantity  of 
rain  has  fallen.  14.  Variable ;  moderate.  14.  (second  report) 
E.,  strong.  16.  E.,  strong;  constant  rain.  19.  S.W.,  a  gale. 
20.  E.,  fresh.  21.  N.E.,  fresh.  22.  The  wind  this  morning 
blew  fresh  from  S.S.E.  until  10  o'clock,  when  it  gradually  veered 
round  to  N.N.W.,  and  afterwards  it  was  very  strong  from  that 
point;  a  quantity  of  rain  fell  last  night.  23.  N.W.,  fresh.  24. 
W.S.W.,  strong;  showery." 

Scilly  Islands. — St.  Mary's. — "Nov.  1.  S.E.,  fresh  breeze.  2.  S.E., 
strong  wind  and  rain.  3.  S.E.,  strong  gales,  with  rain.  4. 
E.S.E.,  strong  gales  ;  rain.  5  and  6.  E.,  strong  breeze.  7. 
E.N.E.,  strong,  showers.  8.  E.,  fresh  breeze.  9  and  10.  S.S.W., 
strong  gales;  rain.  11.  W.,  strong;  rain.  12.  W.  13.  W.S.W. 
14  and  15.  S.W.      16.  S.W.  to  S.E.,  strong,  with  rain  for  the 
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last  four  days.  17.  E.,  fresh  breeze.  19.  S.W.,  strong;  rain. 
20.  W.N.W.,  rain.  21.  E.S.E.,  strong;  rain.  25.  W.N.W, 
strong  gales  and  rain.     26.  W.S.W.,  fresh  breezes  and  rain." 

South  Coast.— Falmouth.— "  Nov:  1.  N.E.,  light  breeze.  2.  E.S.E. 
toS.E.  3.  E.  by  S.  4  and  5.  E.N.E.,  strong.  6.  E.N.E. 
7.  N.E.,  light.  8.  N.,  light  airs.  9.  S.  10.  S.,  a  gale;  rain 
throughout.  13.  8  a.m.  S.,  a  gale  ;  raining ;  in  the  evening  wind 
changed  to  W.  14.  Weather  moderated.  15.  S.,  squally;  rain; 
afterwards  W.  16.  Morning  S.W.  and  raining;  evening  N.E., 
strong  gale.  17.  1  a.m.  N.E.,  moderate ;  afterwards  E.  18.  S. 
19.  S.S.W.,  blowing  hard.  20.  W.,  light  airs  and  rain:  10 
p.m.  veered  to  S.E.  21.  E.,  showery.  22.  N.N.W.  to  N.W., 
showery.  23.  S.W.,  showery.  24.  W.  by  S.,  heavy  gale,  with 
rain.     26.  N.W.,  showers." 

Plymouth. — "Nov.  4.  N.E.,  moderate.  5.  N.E.,  fresh  breeze.  6. 
N.N.E.  to  E.N.E.  8.  N.E.,  light  airs.  9.  S.S.W.,  strong,  with 
rain.  10.  S.W. .strong;  thick  rain.  11.  S.S.W.,  strong;  rain. 
12.  W.  by  N.  13.  It  has  blown  very  heavy  through  the  night 
from  S.S.W.  with  rain,  which  (at  noon)  still  continues.  14. 
Calm;  hazy.  15.  W.S.W.,  strong.  18.  S.E.,  fresh  breeze. 
19.  S.S.W. ,  dirty.  21.  Easterly,  moderate.  22.  N.W.,  fresh 
breeze.  23.  W.N.W.,  fresh  breeze.  24.  W.S.W.,  strong; 
squally.  25.  W.S.W.,  strong  breeze,  with  showers.  26.  W., 
moderate." 

Penzance. — "  Nov.  26.  W.N.W.,  strong  gales." 

Portsmouth. — "  Nov.  3.  E.S.E.  4.  E.,  fresh  breezes.  6.  N.  to 
N.N.E.,  foggy ;  slight  showers  of  rain.  9.  S.W.,  blowing  fresh. 
11.  S.W.,  rain.  14.  W.  by  S. :  p.m.  fresh  breeze.  15.  S.W., 
light  breeze;  rain  all  day.  17.  N.  by  E.,  fresh  breeze.  18. 
S.  by  E.,  fresh  breezes.  21.  N.E.,  hazy.  23.  p.m.  W.S.W., 
fresh  breezes;  rain.  24.  W.S.W.,  rain.  25.  W.S.W.,  rain 
and  squalls." 

Isle  of  Wight Ryde.—"  Nov.    12.  W.S.W.  to  W.     13.  S.W.  to 

W.S.W.,  with  rain;  blowing  hard.  14.  W.N.W.,  fine.  15. 
S.W.  16.  E.S.E.,  fresh.  17.  N.E.  to  E.N.E.,  fresh.  18.  S., 
fine.     21.  E.,  fine.     24.  W.S.W.,  strong,  with  rain." 

Deal. — "  Nov.  1.  W.N.W.  and  N.  by  E.,  moderate  and  fine.  2. 
E.N.E.  to  E.S.E.  3.  N.E.,  moderate  and  fine.  4.  S.E.,  light 
airs  and  rain:  p.m.  N.E.,  fresh  and  squally.  5  and  6.  E.N.E., 
blowing  fresh  and  squally.  7.  E.N.E.,  fresh  breeze ;  squally. 
10.  S.W.,  fresh  breeze  ;  squally.  11.  S.W.,  blowing  very  strong, 
with  rain.  12.  It  has  blown  very  hard  all  day  from  W.S.W., 
with  squalls  of  rain.  14.  N.N.W. ,  light  airs.  16.  E.,  fresh. 
17.  a.m.  E.,  blowing  hard  :  6-30' p.m.  E.S.E.  18.  S.W.,  mode- 
rate. 20.  N.N.W.  and  N.E.,  moderate.  21.  N.E.  22.  a.m. 
S.S.W.,  blowing  strong;  rain:  p.m.  S.E. ,  moderate;  rain.  23. 
W.S.W.  and  W.N.W.,  light  airs.  24.  W.S.W.,  blowing  fresh. 
25.  It  blew  a  gale  of  wind  last  night  and  nearly  the  whole  of  this 
day  from  S.W.  26.  It  blew  very  strong  during  last  night  from 
the  S.W.  or  W.S.W.,  with  squalls  of  rain." 
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Dover. — "  Nov.  3.  7  a.m.  S.S.W.,  light :  noon  and  7  p.m.  S.E., 
fresh.  4.  N.E.,  light,  with  rain.  5.  E.N.E.,  strong;  cloudy. 
6.  a.m.  E„  fresh :  p.m.  E.S.E.,  fresh;  rain.      8.  N.N.W.,  light. 

9.  S.W.,  fresh:  7  p.m.  W.S.W.,  strong.  10.  7  a.m.  W.S.W., 
fresh:  noon,  S.S.W.,  strong:  7  p.m.  S.W.,  fresh.  15.  E.S.E., 
strong.  16.  7  a.m.  E.,  light  wind;  rain:  noon  and  7  p.m.  E., 
strong.  17.  E.,  strong.  21.  N.E.,  fresh.  24.  7  a.m.  S.S.W., 
strong,  with  rain:   7  p.m.  W.,  strong;  rain.     25.  S.W.,  strong." 

East  Coast. — The  Downs. — "  Nov.  1.  N.W.,  light  breeze.  2.  East- 
erly, moderate.     8.  N.W.,  very  light.    9.  S.W.,  blowing  fresh. 

10.  S.W.,  blowing  fresh.  14.  W.N.W.,  light.  15.  E.  to  S.E., 
fresh.  16.  E.N.E.,  moderate  breezes.  18.  S.W.,  very  light. 
19.  S.,  blowing  fresh.  20.  N„  moderate.  21.  N.E.,  light 
breezes.  23.  W.,  light.  25.  W.S.W.,  blowing  very  fresh. 
26.  W.S.W.,  blowing  fresh." 

North  Foreland.—"  Nov.  1.  N.W.  2.  E.  to  S.E.,  fresh.  3.  Vari- 
able. 4.  E.,  squally.  6.  Blowing  fresh.  12.  S.W. :  noon, 
W.N.W. :  p.m.  W.,  squally.  14.  N.W.  by  W.  to  N.,  light. 
15.  E.  to  E.S.E.,  blowing  strong.  16.  E.S.E.,  blowing  fresh. 
17.  E.S.E.,  fresh.  18.  S.E.  to  S.S.W.,  light.  20.  N.  to  E., 
moderate.     21.  N.E.     22.  S.E.,  moderate.     23.  W.S.W.,  light. 

24.  S.  to  S.W.,  blowing  hard;  rain.  25.  S.W.,  squally,  with 
rain.     26.    S.S.W.  to  S.,  blowing  strong." 

Yarmouth  (Norfolk).—"  Nov.  1.  N.W.,  fine.  2.  N.N.E.  9.  S.S.W., 
blowing  fresh.  10.  S.S.W.  to  S.W.,  fresh  breeze.  11.  S.S.W. 
to  S.W.,  blowing  strong,  with  rain.  12.  6  p.m.  N.W.,  strong. 
14.  N.  to  W.N. W.,  fine.  15.  S.S.E.  16.  Last  night  and  all 
this  day  the  wind  has  blown  fresh  from  E.N.E.  to  N.E.     17.  E. 

25.  S.  to  S.S.W.,  blowing  strong.     26.  S.S.W.,  blowing  fresh." 
Lowestoft.— "Nov.  1.   W.     2.  E.N.E.,  light  breezes.      18.   N.W., 

light.  21.  N.N.E. ,  light  breezes." 
Flamborough  Head. — "Nov.  1.  W.  to  N.W.,  light  breezes.  2.  E.S.E., 
light  breezes.  3.  E.  to  E.S.E.,  light  breeze.  4.  E.N.E. ,  strong 
breezes.  5.  E.N.E.,  strong  breezes  and  squally.  6.  E.N.E., 
strong  breezes.  7.  N.E.,  strong  breezes  and  squally.  8.  W.N.W. , 
light  breeze.     9.   S.W.,  strong  gales.     10.    S.W.,  light  breezes. 

11.  S.  by  E.,  strong  breezes,  with  rain.  12.  S.W.  to  W.,  fresh 
breezes.  13.  S.W.,  light  breezes  :  evening,  E.,  light.  14.  N. 
to  N.E.,  moderate  breezes.  15.  E.,  moderate  breezes.  16.  E., 
strong  breezes.  17.  E.N.E.,  blowing  fresh.  18.  W.,  light 
breezes.  20.  N.N.E.,  strong  breezes.  21.  N.E. ,  strong  breeze. 
22.  S.S.W.  to  S.,  strong  breeze.  23.  W.,  moderate  breeze. 
24.  S.E.,  strong  gale ;  rain.  25.  S.,  strong  breeze.  26.  S.S.W. 
to  S.W.,  strong  breezes." 

North  Shields. — "  Nov.  1.  N.W.,  brisk  in  the  morning.  2.  S.S.W. 
morning  and  evening  ;  light  and  S.S.E.  in  the  middle  of  the  day  ; 
brisk.  3.  S.E.  and  E. S.E. ,  moderate:  evening,  E.  4.  E.N.E., 
strong.  5.  N.E.,  strong,  but  moderate  towards  evening.  6. 
E.N.E.,  moderate.  7.  9  a.m.  N.N.E.,  light:  9  p.m.  W.N.W., 
fresh;  light  rain.      8.  9  a.m.  W.N.W.,  light:  2  p.m.  W.S.W., 
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light:  9  p.m.  S.W.,  almost  calm.  9.  Storm  from  S.W.,  which 
began  early  in  the  morning  and  continued  till  5  p.m.,  at  which 
time  the  wind  had  sunk  down  to  a  calm  with  rain ;  the  barometer 
being  then  at  its  minimum,  29*276.  The  calm  continued  through 
the  night,  with  a  hoar  frost.  10.  9  a.m.  W.N.W.,  very  light; 
sky  clear,  but  soon  afterwards  overcast:  2  p.m.,  wind  extremely 
light  and  variable;  rain  falling:  9  p.m.  wind  strong  from  S.E., 
which  continued,  with  heavy  rain,  all  night;  and  until  after- 
noon of  the  11th,  on  which  day  the  air  became  again  calm  in  the 
evening.  12.  9  a.m.  "W.N.W.,  very  light  wind:  9  p.m.  strong 
from  N.W.  13.  9  a.m.  and  2  p.m.  wind  extremely  light  from 
W.S.W.  and  S.W. ;  in  the  evening  strong  from  N.E.,  with  rain. 
14.  N.E.,  brisk.  15.  N.E.,  brisk,  with  showers  during  the  day, 
and  strong  at  night.  16.  N.E.  and  E.N.E.,  strong.  17.  9  a.m. 
E.,  very  light;  calm  during  the  remainder  of  the  day.  18. 
W.S.W.,  very  light  during  most  of  the  day,  but  strong  at  night. 
19.  Morning,  W.S.W.,  brisk:  evening,  light  from  W.N.W., 
slight  rain.  20.  N.E.,  rather  brisk;  showers  in  the  evening  and 
during  the  night.  21.  N.  to  N.W.,  rather  brisk  in  the  middle  of 
the  day;  showers.  22.  Morning,  strong  from  S.  S.W. ;  changed 
to  S.W.  in  the  afternoon,  and  sunk  down  to  a  calm  in  the  even- 
ing; rain  and  snow.  23.  N.W.,  rather  brisk.  24.  A  storm, 
with  rain  from  S.S.E.,  which  abated  towards  evening.  25.  S.S.E., 
strong  till  evening,  when  the  air  became  calm ;  fine  showers. 
26.  S.S.W.  and  S.W.,  light;  rain  in  the  evening." 

The  Tables  which  follow  contain  the  indications  of  the  ba- 
rometer from  the  1st  to  the  26th;  each  day  is  divided  into 
three  columns ;  the  second  and  third  contain  the  observations 
for  morning  and  evening,  and  the  middle  one  those  of  the 
middle  of  the  day.  The  hours  of  observation  are  given  after 
the  names  of  the  places,  which  are  placed  in  the  order  from 
north  to  south,  but  the  western  before  the  eastern.  In  a  co- 
lumn previous  to  those  containing  the  daily  indications  are 
given  the  mean  heights  of  the  barometer  for  each  place,  in 
order  that  the  daily  heights  may  be  compared  with  each 
other*,  in  which  comparison  the  difference  of  pressure  due 
to  the  latitude  ought  to  be  borne  in  mind.  With  the  excep- 
tion of  the  observations  at  Paris,  Christiania,  and  North  Shields, 
which  are  reduced  to  the  temperature  of  32°  Fahr.,  the  num- 
bers are  those  which  are  read  off  from  the  barometer ;  as, 

*  It  is  not  meant  by  this  to  be  understood  that  these  means  are  given 
as  representing  by  their  differences  the  differences  of  height  of  the  several 
barometers  as  read  off  from  each  scale,  supposing  them  placed  in  juxtapo- 
sition, but  only  to  serve  in  the  following  observations  for  standards  for  the 
comparison  of  their  variations  with  each  other  in  the  absence  of  any  other 
method  of  doing  it;  but  the  unusual  equality  of  the  mean  pressure  of  the 
atmosphere  of  this  month  over  so  large  a  space,  renders  the  means  chosen 
sufficiently  accurate  for  this  purpose. 
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however,  one  degree  of  Fahrenheit  affects  the  barometer  at 
30  inches  only  *003  inch,  and  there  is  seldom  a  greater  dif- 
ference than  3°  between  the  temperatures  of  consecutive  ob- 
servations, it  will  not  affect  any  of  the  conclusions  which  may 
be  deducible  from  them.  The  numbers  representing  the 
heights  at  Christiania  in  Paris  lines,  and  at  Paris  in  millime- 
tres, have  been  reduced  to  English  inches. 


Names  of 
places. 


Hours  of  observation. 


Mean  of 

the 
month. 


Orkneys  .. 
Glasgow*. . 

Belfast 

Armaghf.. 

Shields 

Cork 

Bristol 

Plymouth... 
London    ... 

Paris    

Christiania . 


9%  a.m.  &  8£  p.m. 
9  a.m.  &  p.m. 

9  a.m.  &  3  p.m. 

10  a.m.  &  p.m. 

9  a.m.  &  2  &  9|  p.m. 
9  a.m.  &  3  p.m. 
9£  a.m.  &  p.m. 
9  a.m.  &  p.m. 
9  a.m  &  3  p.m. 
9  a.m.  &  3  &  9  p.m. 
9  a.m.  &  10  p.m. 


29-70 
29-53 
2974 
29-44 
29-68 
2974 
29-70 
2971 
2972 
2961 
2971 


3010 
30-07 
3035 

30-14 
30-22 
30-22 
30-27 
30-23 
3008 
29-61 


30-33 

3017 
3015 


3017 


30-22 
3008 

29-97 
30-21 

3014 
3016 

3000 
29-96 


30-24 
3007 
30-24 
29-91 
30-21 
29-98 
3009 
30  09 
3014 
29-90 
30-03 


3018 

30-19 
29-92 


3010 


30-22 
3001 

29-82 
3016 

30-01 
3000 

29-83 
30-20 


Orkneys  .. 
Glasgow  .. 

Belfast 

Armagh   .. 

Shields 

Cork 

Bristol 

Plymouth. . 
London    .. 

Paris    

Christiania 


3. 


30-20 
3000 
3016 
29-86 
30-10 
29-83 
29-94 
29-88 
3000 
29-76 
3027 


30-18 

30-10 
29-83 


2996 


30-28 
3008 

29-97 
3015 

2998 
29-95 

29-69 
30-36 


30-44 
30-21 
30-38 
30-12 
30-25 
3016 
30-07 
3009 
3006 
29-75 
30-42 


30-45 

30-34 
3016 


30-13 


30-54 
30-34 

30-23 
30-40 

30-21 
30-21 

29-86 
30-32 


30-53 
30-37 
30-57 
30-30 
30-39 
30-33 
30-23 
30-26 
3019 
2975 
30-28 


30-55 

30-33 
30-32 


30-12 


30-51 
30-28 

30-23 
30-34 

3016 
3019 

2975 
30-27 


*  These  observations  give  a  mean  much  below  the  general  one,  which 
is  probably  the  defect  of  the  scale.  I  have  compared  them,  however,  with 
those  given  in  the  tables  of  the  Philosophical  Magazine  for  Applegarth 
Manse  in  Dumfries-shire,  a  locality  not  far  distant,  with  which  their  varia- 
tions agree,  with  the  exception  of  being  a  little  in  advance  in  movements 
coming  from  north,  for  which  reason  I  have  given  them  the  preference 
here.  I  may  add  also,  that  the  observations  at  Belfast  were  received  with 
the  information  that  they  might  be  rather  defective,  which  however  is  of 
little  consequence,  as  those  at  Armagh  are  given.  I  have  inserted  the 
former,  because  of  those  at  3  p.m. 

f  Height  of  the  barometer  21 1  feet  above  the  level  of  the  sea. 
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6. 

7. 

8. 

Orkneys  ... 

30-49 

30-43 

30-30 

3000 

29-83 

29-42 

Glasgow  ... 

30-24 

30-27 

30-23 

3007 

29-87 

29  58 

30-51 

30-48 

30-43 

3019 

3004 

Armagh   ... 

30-26 

30-24 

30-20 

3008 

29-88 

29-39 

Shields 

30-34 

30-35 

30-33 

30-30 

30-27 

30-23 

3005 

29-97 

29-77 

Cork 

30-30 

30-30 

30-32 
30-18 

30-33 

30-18 

3013 
3014 

3001 

29-99 

Bristol 

Plymouth... 

30-23 

30-24 

30-24 

30-24 

30-21 

3005 

London    ... 

30-20 

3016 

3013 

30-13 

3015 

30-08 

29-85 

29-83 

29-87 

29-84 

29-94 

29-93 

29-88 

Christiania . 

30-27 

3016 

3009 

29-95 

29-75 

29-58 

9. 

10. 

11. 

Orkneys  ... 

28-70 

28-90 

29-29 

29-50 

29-37 

29-12 

Glasgow  ... 

2904 

29-21 

29-45 

^ 

29-33 

28-95 

28-77 

Belfast 

29-36 

29-41 

29-65 

29-57 

29- 10  2902 

Armagh   ... 

2911 

29-30 

29-34 

28-97 

28-74 

28-68 

Shields 

29-37 

29-28 

29-37 

29-62 

29-58 

29-43 

2914 

28-99 

28-89 

Cork 

29-42 
29-66 

29-42 

29-55 

29-34 
29-57 

29-20 

29-35 

28-93 
2905 

28-91 

2902 

Plymouth... 

29-78 

29-66 

29-61 

29-34 

2911 

29-13 

London    ... 

29-81 
29-82 

9Q-70 

29-68 
29-73 

29-64 

2918 
29-33 

2900 

29-76 

29-78 

29-53 

2917 

Christiania . 

29-46 

29-28 

2914 

29-34 

29-45 

29-48 

29-45 

12. 

13. 

14. 

Orkneys  ... 

2905 

2914 

29-26 

29-44 

29-67 

29-86 

Glasgow  ... 

28-74 

2901 

29-08 

29-13 

29-65 

29-72 

2912 

29-21 

29-32 

29-27 

29-83 

29-91 

Armagh   ... 

28-87 

2901 

29-01 

29-21 

29-61 

29-56 

Shields 

28-94 

29-20 

29-27 

29-24 

29-25 

29-71 

29-82  29-84 

Cork 

29-30 

29-31 

29-10 

29-40 

29-66 

29-60 

29-15 

29-48 

29-70 

29-60 

Plymouth... 

29-30 

29-63 

29-44 

29-49 

29-75 

29-61 

London    ... 

2912 

29-33 

29-51 

29-26 

29-72 

29-80 

29-30 

29-57 

29-66 

29-39 

29-65 

29-67 

29-63 

Christiania . 

29-30 

2909 

28-96 

28-94 

28-97 

29-16 

29-54 

15. 

16. 

17. 

Orkneys  ... 

29-97 

3005 

3015 

30-30 

30-38 

30-32 

Glasgow  ... 

29-73 

29-71 

29-85 

30-08 

30-28 

30-30 

29-85 

29-82 

29-96 

30-06 

30-47 

30-51 

Armagh    ... 

29-53 

29-48 

29-66 

29-97 

30-20 

30-25 

29-84 

29-83 

29-86 

29-98 

3003 

30-15 

30-40 

30-51 

Cork 

29-40 
29-60 

29-37 

29-61 

29-49 
29-68 

29-70 

29-88 

30-30 
30-25 

JO-31 

30-46 

Plymouth... 

29-61 

29-67 

29-63 

29-78 

30-25 

30-47 

London    ... 

29-69 

29-62 

29-76 

29-79 

30-23 

30-36 

29-57 

29-55 

29-58 

29-53 

29-50 

29-57 

29-79 

30-19 

Christiania . 

29-69 

29-72 

29-80 

29-92 

29-98 

29-94 

29-95 

270     Mr.  W.  Brown  on  the  Oscillations  of  the  Barometer. 


Orkneys 


Belfast , 
Armagh    .. 

Shields 

Cork 

Bristol 

Plymouth.. 
London    .. 

Paris     

Christiania 


3016 
30-25 
30-48 
3018 
30-46 
30-29 
30-49 
30-51 
30-58 
30-38 
30-08 


30-37 

30-42 
30-18 


30-53 
30-38 


30-21 
3011 

29-82 
30-34 

30-35 
30-43 

30-41 
3014 


19. 


29-90 
29-68 
29-93 
29-68 
29-88 
29-98 
3013 
30-28 
30-23 
30-30 
30-00 


29-86 

29-77 
29-92 


3006 


29-93 
29-66 

29-64 
29-73 

29-82 
3001 

30-04 

29-82 


20. 


29-97 
29-78 
29-94 
29-64 

»m 

29-76 

29-83 
29-79 
29-60 
29-64 


29-91 

29-85 
29-80 


29-77 


29-95 

29-80 

29-64 

29-86 


29-63 

29-50 
29-56 


Orkneys  ... 
Glasgow  ... 

Belfast 

Armagh   ... 

Shields 

Cork 

Bristol 

Plymouth... 
London    ... 

Paris    

Christiania . 


21. 


29-95 
29-82 
30-01 
29-74 
29-90 
29-84 
29-83 
29-78 
29-80 
29-51 
29-56 


29-95 

29-89 
29-83 


29-82 
29-54 


29-77 
29-62 

29-43 

29-78 

29-76 
29-79 

29-63 
29-56 


22. 


29-47 
29-22 
29-42 
29-21 
29-42 
29-58 
29-30 
29-45 
29-42 
29-31 
29-58 


29-42 

29-30 
29-58 


29-28 
2913 
29-55 


29-39 
2912 

29-21 
29-27 

29-49 
29-62 

29-30 
29-56 


23. 


29-36 
2917 
29-46 
2919 
29-31 
29-34 
29-48 
29-59 
29-50 
29-50 
29-61 


29-32 

29-27 
2910 


29-59 


29-30 
2901 

28-70 
2919 

2904 
29-02 

29-33 
29-63 


Orkneys  .. 
Glasgow  .. 

Belfast 

Armagh   .. 

Shields 

Cork 

Bristol 

Plymouth.. 
London  . . 
Paris  ..... 
Christiania 


24. 


2911 
28-71 

28-83 
28-47 
28-89 
28-54 
28-83 
28-95 
28-91 
28-98 
29-65 


28-79 

28-78 
28-54 


28-92 


2908 

28-58 

28-40 

28-75 

28-75 
28-87 

29-07 
29-67 


25. 


29-04 
28-63 
28-74 
28-47 
28-80 
28-79 
28-75 
28-83 
2S-90 
28-95 
29-66 


28-82 

28-82 
28-80 


28-88 


2910 

28-70 

28-61 

28-83 

28-94 
2903 

29-08 
29-58 


26. 


2910 
28-76 
28-97 
28-73 
2891 
29-00 
29-04 
29  13 
2909 
29-07 
29-58 


29-04 

2904 

29-17 
29-57 


2910 
28-90 

28-88 
29-07 

29-24 

29-28 

29-28 
29-60 


In  the  columns  which  follow,  interposed  with  the  text,  I 
have  given  the  amount  of  the  variations  in  lOOths  of  an  inch 
between  the  consecutive  observations  given  in  the  preceding 
tables,  with  the  exception  of  those  in  which  there  are  three 
daily  observations ;  for  the  3rd  column  always  contains  the 
difference  of  the  extreme  observations  of  each  day,  so  that  in 
casting  the  eye  down  the  columns  the  variations  may  always 
belong  to  the  same  periods,  excepting  when  the  time  of  the 
observations  varies  a  little  from  9  o'clock  ;  care  however  must 
be  taken  with  regard  to  the  first  column  to  observe  those 
which  include  a  period  beginning  at  3p.m.  on  the  day  previous 
which  is  the  case  when  there  is  no  evening  observation. 

For  the  sake  of  simplifying  the  diagrams  as  much  as  pos- 
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sible,  I  have  in  the  first  place  given  a  chart  with  the  names  and 
localities  marked  upon  it  (Plate  IV.),  and  the  subsequent  ones 
merely  contain  the  localities  marked  by  dots,  and  set  off  in  their 
several  places  from  the  chart,  so  that  by  reference  to  it  they 
may  easily  be  found.  The  arrow  representing  the  direction 
of  the  wind  at  Christiania,  placed  in  the  north-east  corner,  is  of 
course  out  of  its  relative  position.  I  have  endeavoured  to  re- 
present the  force  of  the  wind,  as  given  in  nautical  language, 
by  figures  placed  at  the  feet  of  the  arrows : — 0  being  a  calm, 
1  and  2  light  airs  or  winds,  3  moderate,  4  brisk  breeze,  5 
strong  breeze,  6  a  gale  or  stormy,  7  hard  gale ;  v  is  variable : 
the  veering  of  the  wind  backwards  and  forwards  between 
points  is  represented  by  two  arrows  from  these  points,  and  a 
change  of  the  wind  in  the  latter  part  of  the  day,  or  night,  by  a 
line  crossing  the  foot  of  the  arrow  showing  its  direction.  A 
change  in  the  force  also  is  marked  in  the  same  way,  by  a  line 
underneath  the  figure.  The  direction  of  the  wind  at  Paris 
and  Christiania  is  taken  from  the  meteorological  registers  of 
those  places ;  and  I  have  also  occasionally  introduced  arrows 
showing  its  direction  as  noted  in  the  registers  of  other  places, 
but  not  without  caution,  as  I  am  more  disposed  to  rely  on  the 
mercantile  reports,  than  on  observations  simply  made  by 
noting  the  direction  of  one  particular  vane  generally  only  once 
in  the  day.  It  may  also  be  remarked,  that  though  the  varia- 
tions given  in  the  firstcolumnof  each  dayare  those  which  have 
taken  place  during  the  previous  night,  they  may  yet  be  generally 
considered  as  caused  by  the  wind  indicated  by  the  diagrams 
for  that  day,  because  the  wind  in  the  morning  is  usually  that 
of  the  preceding  night,  and  when  a  change  occurs  during  the 
day  it  is  marked  as  before  stated  *. 


Names  of  Places. 


Orkneys  .. 
Glasgow  .. 

Belfast 

Armagh   . . 

Shields 

Cork 

Bristol 

Plymouth 
London    .. 

Paris     

Christiania 


-•02 

+•03 
-•07 


-•06 


+•12 
+•01 


+-o; 

-•08 
-11 

-•08 
+•35 


+•02 
-•01 
-09 
-•06 
•00 
-17 
-•05 
-•07 
-•03 
-•10 
+•07 


-•06 

-•02 
-•06 


-•04 


-02 
-•06 

-•09 
-05 

-•08 
-•09 

-•07 
+•17 


-•02 
-•01 
-02 

+•04 
-•06 
-•09 
-•07 
-12 
-•10 
-•07 
+•07 


+•02 

•00 
•00 


-•04 


+•08 
+•08 

+•11 
+•05 

+•04 
+•07 

-•07 
+•09 


•  The  shipping  reports  however  very  frequently  do  not  state  the  time 
of  the  clay  the  report  refers  to,  when  it  is  extremely  probable  the  wind  did 
not  continue  in  the  same  direction  the  whole  of  the  day;  so  as  to  occasion 
in  some  cases  apparent  discrepancies  in  the  direction  of  the  wind ;  but 
they  may  generally  be  removed  by  reference  to  some  other  report  from  a 
neighbouring  locality  where  a  change  in  the  direction  of  the  wind  is  noted. 
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Names  of  Places. 


Orkneys  .. 
Glasgow  .. 

Belfast 

Armagh   .. 

Shields 

Cork 

Bristol 

Plymouth 
London    .. 

Paris    

Christiania 


+•16 
+•13 
+•20 
+  15 
+•10 
+•33 
+•09 
+•14 
+•10 
+•06 
+•06 


+•07 

+•09 
•00 


+•07 


+•10 
+  13 

+  11 
+  15 

+•14 
+  12 

+•11 
-•10 


5. 


-•01 
+•03 
+•12 
+•07 
-•01 
+•17 
+•02 
+•05 
+•06 
-11 
-04 


-02 

-•06 
-•01 


-07 


6. 


-02 

-•04 

+  •06 

•00 

-•02 

+•04 

+•08 

+•10 

•00 


+•02 
•00 


-04 
-•02 


-•06 

-02 

•00 


+  01 

+•02 
-•11 


The  first  very  conspicuous  atmospheric  phenomenon  is  an 
elevation  of  the  barometer,  which  at  Orkney  reached  the 
highest  point  at  the  p.m.  observation  of  the  4th,  and  advanced 
towards  south.  Its  maximum  was  in  the  north  and  north-west, 
affording  an  excellent  illustration  of  §  7 ;  for  on  the  4th,  the 
day  on  which  the  principal  rise  took  place,  we  find  the  col- 
lision of  the  currents  on  the  western  and  south-western  side 
of  the  chart :  thus  at  the  Irish  ports  and  the  Scilly  islands  the 
wind  was  south-east,  whilst  in  England  and  Scotland  and  at 
Paris  it  was  north-east.  Hence  at  the  Orkneys  the  barometer 
stood  at  30*54  and  at  Belfast  30*57,  these  places  being  situated 
in  the  line  of  the  meeting  currents ;  whilst  at  London,  which, 
so  far  as  the  observations  go,  was  in  the  line  of  the  north-east 
current  moving  freely,  the  barometer  reached  an  elevation  of 
only  30*19 ;  the  advance  of  the  north  wind  and  of  the  eleva- 
tion of  the  barometer  likewise  accorded  with  each  other,  both 
being  from  north  to  south. 

The  observations  of  the  1st  are  particularly  illustrative  of 
§  5  and  §  8 ;  in  them  the  opposition  of  the  southern  current  is 
seen  only  in  the  extreme  south,  where  it  is  blowing  with  some 
strength,  causing  a  fall  of  the  barometer  in  the  south,  where 
the  north  wind  is  blowing  immediately  in  front  of  the  south 
wind  (§  5),  and  a  slight  rise  in  the  north  by  the  arrival  of  the 
air  removed  from  the  south  (§  8).  It  might  be  thought  that 
the  setting  out  of  the  currents  in  somewhat  different  directions 
from  the  western  part  of  England  might  give  rise  to  this  fall, 
but  it  is  evidently  not  so,  because  it  decreases  towards  the  lo- 
cality where  the  current  takes  the  easterly  deflection.  The 
deflection  of  the  southern  current  is  also  worthy  of  remark. 
At  the  Scilly  islands  the  south  wind  meeting  a  north-east 
blows  from  the  south-east,  but  at  Paris  meeting  a  north-west 
it  is  south-west  or  west-south-west  (§  11).  The  cause  of  the 
north  wind  being  north-west  in  the  north  and  eastern  parts, 
appears  to  be  owing  to  a  deficit  of  pressure  in  the  east  (the 
barometer  at  Christiania  being  '39  inch  below  that  at  the 
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Orkneys),  which  on  this  day  was  rapidly  removed  by  the  air 
flowing  towards  it,  for  at  Christiania  the  height  of  the  baro- 
meter in  the  morning  was  29*61  and  in  the  evening  29*96. 
The  strength  of  the  south  wind  after  this  increases,  and  on 
the  2nd  and  3rd  prevailed  almost  throughout,  occasioning  a 
slight  general  fall  of  the  barometer  until  9  a.m.  on  the  3rd  ;  we 
still  however  have  evidence  of  the  north-east  wind  blowing  on 
the  east,  as  on  the  2nd,  on  the  south-east  coast  of  England, 
and  on  the  3rd  in  the  same  part,  as  at  the  North  Foreland, 
where  it  was  variable  (the  one  and  the  other  of  the  currents 
alternately  prevailing),  and  at  Deal,  where  it  was  north-east, 
these  being  almost  the  most  easterly  parts  of  England.  After 
this,  however,  the  north-east  wind  advanced,  becoming  ge- 
neral on  the  eastern  side  on  the  4th,  and  raising  the  baro- 
meter as  before  described,  the  south  wind  only  appearing  on 
the  west,  blowing  there,  according  to  §  11,  from  south-east. 
On  the  5th  and  6th  the  north-east  prevailed  throughout,  and 
the  barometer  was  slightly  depressed  in  all  the  northern  sta- 
tions, beginning  at  the  Orkneys ;  the  cause  of  which  might 
be,  either  the  subsidence  of  an  elevation  above  adjacent  loca- 
lities on  the  south,  by  the  flowing  of  the  air  towards  them,  or 
it  might  be  the  beginning  of  the  descent  of  the  upper  current 
on  the  north,  which  manifested  itself  at  the  Orkneys  on  the 
6th  by  changing  the  wind  to  north-west. 


Names  of  Places. 


Orkneys  ... 
Glasgow... 
Belfast  ... 
Armagh  ... 
Shields    ... 

Cork   

Bristol    ... 
Plymouth 
London  ... 

Paris  

Christiania 


-13 
-•13 

-04 
-•03 
+•02 

•00 
-03 
-03 
-•18 


-•05 

-•03 
+•01 


•00 


-•30 
-•16 

-12 

-•07 

•00 
•00 

+•10 
-•14 


-•17 
-•20 
-•24 
-•20 
-•18 
-•20 
-•04 
-03 
+•02 
-01 
-•20 


-•15 

-•08 
-12 


—07 


•41  .--72 
•29  --54 


-•68 

+•05 

48 

-•28 

28 

-•40 

-•09 

-•59 

•00 

If) 

-•33 

•16-27 

-•27 
•05  --06 
17  --12 


-11 

-•06 


+•20 
+'17 

+•19 
•00 

-11 
-12 

-•04 
-•18 


Names  of  Places. 


Orkneys  .... 
Glasgow.... 
Belfast  .... 
Armagh  .... 
Shields 

Cork   , 

Bristol  .... 
Plymouth  , 
London  ... 

Paris   , 

Christiania 


10. 


+•39 
+•24 
+•24 
+•04 
+•25 
-•08 
+•02 
-•05 
-•02 
-•05 
-14 


-•08 

-•03 
-14 


+•21 
-•12 

-•37 
-•19 

-•22 
-•27 

-•04 
-•20 
+•20 


11. 


-•13 

-•38 
-•47 
-•23 
-•29 
-•27 
-•30 
-•23 
-•46 
-•20 
+•11 


-•08 

-•15 
-•02 


-•25 
-•18 

-•06 
-•25 

-•03 
+•02 
-•18 
-16 
•00 
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The  elevation  of  the  barometer  indicated  by  the  foregoing 
observations,  though  gradually  decreasing  from  the  4th,  did 
not  subside  till  the  approach  of  a  storm  from  south-west 
(§15);  which  began  at  the  Orkney  islands  on  the  night  of  the 
7th,  was  blowing  at  the  island  of  Mull  on  the  8th,  and  arrived 
at  Glasgow  at  ii  p.m.  of  the  same  day;  in  the  north  of  Ireland 
(Donegal)  at  8  p.m.;  and  at  North  Shields  (a  little  to  the 
north  of  Donegal  in  latitude,  but  on  account  of  its  more 
easterly  position  later  in  receiving  the  storm)  at  a  very  early 
hour  on  the  morning  of  the  9th.  The  change  of  the  wind  as 
the  storm  progressed  is  well-marked  by  the  diagrams.  On 
the  7th,  the  wind  remained  north-east  throughout  the  day  in 
almost  the  whole  of  England,  but  at  the  Orkneys  had  changed 
to  north-west  (§  18),  and  was  variable  at  Mull  island  in  the 
evening:  at  North  Shields  it  changed  to  north-west  after 
mid-day,  and  at  night  the  storm  began  at  the  Orkneys  from 
south-west.  On  the  8th,  the  south-west  wind  is  blowing  in 
the  greater  part  of  Scotland,  whilst  to  the  southward  the  wind 
is  still  north,  but  in  some  cases  north-west.  In  the  evening 
the  changes  before  noticed  take  place,  the  wind  being  yet 
northerly  in  the  south.  On  the  9th  the  storm  became  pre- 
valent throughout,  on  which  day  the  barometer  attained  its 
minimum  in  the  north  (§  3),  its  height  in  the  south  being  very 
little  reduced  (§  2),  although  it  appears  that  on  that  day  the 
wind  was  blowing  as  strongly  in  the  south  as  in  the  north 
(§4). 

The  approach  of  the  storm  from  north  is  seen  also  by  the 
falling  of  the  barometer,  as  indicated  by  the  observations.  At 
North  Shields  the  barometer  attained  its  minimum  (there 
29-276)  at  5  p.m.,  and  at  9  p.m.  it  had  risen  (HO,  though 
reckoning  simply  from  the  extreme  observation,  it  had  not 
risen  at  all ;  whilst  at  Orkney  it  had  risen  0*20,  and  in  the 
south  it  was  yet  falling  (§  3).  On  the  morning  of  the  10th 
the  barometer  at  the  Orkneys  had  risen  0*39,  with  a  strong 
gale  from  north-west  (§  3  and  12) ;  but  at  Shields,  from  5  p.m. 
on  the  previous  day  to  about  the  same  hour  on  this,  although 
the  barometer  rose,  the  air  was  almost  calm.  The  diagram, 
however,  together  with  the  barometric  heights,  fully  explains 
this  ;  for  we  see  that  its  position  was  that  of  the  meeting  of  the 
two  currents,  the  north  current  blowing  on  the  north  and  the 
south  one  on  the  south  (§11),  the  latter  continued  by  the  state  of 
the  barometer ;  the  barometer  rising  however  by  reason  of  the 
strength  of  the  north  wind  setting  in  in  the  north  (§  6).  The 
north  wind  in  the  middle  and  southern  parts  of  Scotland  appears 
(on  account  of  the  low  state  of  the  barometer  at  Orkney)  to 
arise  from  the  impetus  which  it  has  received  in  blowing  in  the 
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extreme  north,  together  probably  with  a  higher  barometer  on 
the  east  (shown  by  its  easterly  deflection)  :  thus  we  find  the 
wind  decreases  in  strength  as  it  advances,  being  at  Mull  is- 
land only  brisk.  The  equality  in  the  force  of  the  two  currents 
is  not  however  of  long  continuance,  for  that  of  the  south  wind, 
evidently  because  of  the  great  depression  of  the  barometer  in 
the  north  below  its  height  in  the  south  (Orkney,  barometer 
28*70,  London  29'81),  on  the  9th,  greatly  increases  and  ad- 
vances as  a  storm  towards  the  north.  But  this  difference  of 
the  atmopheric  pressure  requiring,  on  account  of  the  great 
distance  of  the  localities  of  the  extremes  of  pressure,  and  the 
resistance  of  the  opposite  current  blowing  in  the  north,  a  long 
interval  of  time  to  produce  its  effect,  does  not  arrive  at  North 
Shields  till  the  latter  part  of  the  10th  as  a  S.E.  or  rather  S.S.E. 
storm  (being  deflected  by  its  collision  with  the  contrary  cur- 
rent) (§11  and  16),  and  continues  until  about  the  same  time 
of  the  11th. 

In  the  phaenomena  now  before  us  we  have  a  good  example 
of  an  advancing  portion  of  a  storm  (§  16).  The  fall  of  the 
barometer,  which  continues  in  the  south  whilst  the  rise  is 
going  on  in  the  north,  increases  on  the  10th,  and  advances, 
together  with  the  wind,  towards  the  north,  where,  excepting 
in  the  extreme  north,  it  falls  to  a  greater  degree  than  before, 
and,  as  noticed  in  §  16,  the  greatest  depression  is  in  the 
south.  The  progressive  motion  of  the  storm  may  however  be 
traced  in  both  the  directions  of  the  figure  of  §  15,  but  the 
south-east  movement  is  in  the  south  :  thus  at  Cork  and  Ply- 
mouth the  minimum  depression  occurred  on  the  evening  of 
the  10th,  at  Bristol  about  noon  of  the  11th;  for  out  of  four 
observations  that  at  noon  was  the  lowest  (2999);  and  at  Paris 
(south-east)  and  at  North  Shields  (north-east)  it  happened 
simultaneously  about  9  p.m.  Hence  if  we  suppose  Cork  to 
represent  the  point  C,  fig.  3,  then  the  line  c  C  prolonged 
would  extend  to  Paris,  the  storm  however  diminishing  in  in- 
tensity, and  the  line  C  B  from  Cork  to  North  Shields.  The 
limit  of  this  storm  may  be  observed  in  the  north;  for  at  Orkney 
the  wind  continued  northeast,  and  at  Mull  island  east,  but 
yet  the  barometer  at  Orkney  falls,  though  during  a  north- 
east wind,  but  not  to  so  great  a  degree  as  the  next  station 
(Glasgow)  (§  5),  for  on  the  next  day  (the  12th)  the  minimum 
depression,  or  the  point  C,  was  in  the  south  of  Scotland  or 
north  of  England ;  hence  Orkney  would  represent  the  point 
E.  of  fig.  1. 

The  diagrams  of  the  10th  and  11th  (Plate  VII.)  are  also 
of  interest  as  regards  the  deflection  of  the  currents  produced 
by  their  meeting:  on  the  north  the  wind  is  N.E.,  in  the  south 
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of  England  and  in  Ireland  it  is  S.W.,  and  at  the  localities 
between  the  two  it  is  S.,  S.S.E.,  or  S.E. 


Names  of  Places. 


12. 


Orkneys !— *07 

Glasgow J--03 

Belfast    J+-10 

Armagh  +"19 


Shields 

Cork   

Bristol  .... 
Plymouth  . 
London  .... 

Paris  

Christiania . 


+•05 
+•39 
+•13 
+•17 
+  12 
+•13 
-15 


+•09 
+  01 

+•21 


+•09 
+•27 

+•14 
+•26 

+•33 
+•33 

+■27 
-•21 


13. 





+  12 

+•07 
+  11 
•00 
+•07 
-•21 

-•19 

+•18 
+•09 
-13 


-•05 

03 

+•30 

•25 


+•18 
+•05 

+•20 
-•02 


+•05 

-•27 

+  •01 


14. 


— 


+•23 
+•52 

+•56 
+•40 
+•46 
+•26 

+•26 
+•46 
+•26 
+•19 


+•08 

+•11 
-06 


+•08 
+■02 


+•19 

+•07 

-•05 
+  13 

-10 
-14 

-02 

+•38 


Namei  of  Places. 


1"). 


Orkneys  .v. +'H 

Glasgow +*01 

Belfast    --06 

Armagh — *03 

Shields   -00 

Cork   --20 

Bristol    -00 

Plymouth    -00 

London  — *11 

Paris  --06 

Christiania......  +*15 


-•03 


+ 


-01  + 
•03| 

'+ 

.,7  + 
•  •02  + 

+ 


16. 


+•10 

+•14 

+•14 +-10 

+•181 

+-12I+-06 

+•12  +-21 

+•07 


04 
+•14 
-•05 

+  •08 


+•03 
-03 


+  •15 
+•23 

+•31 
+  •17 

+•21 
+•15 

+•04 
+•12 


17. 


+•08 
+•20 
+•41 
+•23 
+•25 
+•60 
+•37 
+•47 
+•44 
+•22 
-•06 


+•04 
+•01 
+•13 


-•06 

+•02 

+•05 
+•11 

+•21 

+•22 

+•40 
-03 


The  phaenomena  on  the  12th  commence  a  period  during 
which  the  restoration  of  the  atmosphere  to  its  usual  pressure 
and  the  rise  of  the  barometer  above  its  mean  elevation  take 
place;  but  their  chief  interest  is  in  their  being  those  ensuing 
on  the  cessation  of  an  advancing  storm.  The  occurrence  of 
the  minimum  of  the  atmospheric  pressure  in  the  south  before 
its  taking  place  in  the  north  has  already  been  noticed,  and  is 
also  very  apparent  from  the  whole  of  the  observations.  Thus 
at  Cork,  which  seems  to  represent  the  point  C,  §  16,  as  being 
in  the  line  of  the  greatest  intensity  of  the  storm,  the  barometer 
at  9  a.m.  has  risen  0'39  inch,  and  the  rise  lessens  in  both  di- 
rections towards  south-east,  or  along  the  line  eC  of  fig.  3 
prolonged,  and  towards  north  on  the  line  C  B;  and  in  the 
latter  direction  at  Orkney  the  barometer  still  continues  to 
fall,  though  very  slightly.  In  accordance  with  this  state  of 
the  barometer  (referring  to  the  same  paragraph),  the  wind  is 
blowing  strongly  from  north-west  in  the  south-west  and  mid- 
dle portions,  though  still  opposed  by  the  south  wind  on  the 
extreme  south.  In  the  north,  we  have  clear  evidence  of  the 
extensive  low  state  of  the  barometer  on  the  west,  for  at  Chris- 
tiania, about  10°  to  the  east  of  the  Orkney  islands,  the  height 
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of  the  barometer  at  9  a.m.  was  29*30  inches,  and  at  Orkney 
the  wind  is  from  east,  hence  at  the  same  distance  on  the  west 
of  these  islands  the  barometer  is  probably  below  this.  If  we 
now  suppose,  whilst  the  wind  is  blowing  as  shown  by  the  dia- 
gram, the  point  C  of  fig.  3,  by  the  motion  of  the  line  A  C 
(§  16),  to  moye  considerably  northwards,  and  to  be  a  little 
to  the  north  of  Holyhead,  where  the  wind  is  strong  from 
north-west,  the  phaenomena  will  be  simply  a  particular  case 
of  the  general  result  of  the  paragraph,  for  the  wind  is  strong 
from  north-west  on  the  localities  in  the  direction  which 
would  be  that  of  the  line  C  A,  and  variable  between  west  and 
north-west  at  Flamborough-head,  and  west-north-west  and 
very  light  at  North  Shields,  places,  which  with  regard  to  the 
figure  would  be  nearly  on  a  horizontal  line  with  the  point  C; 
and  in  the  north,  but  not  extending  to  Orkney  (where  the  ba- 
rometer is  just  beginning  to  rise),  the  wind  is  variable  between 
south  and  west,  and  extremely  light;  but  at  the  locality  near- 
est to  Orkney,  Greenock,  it  appears  to  change  to  north-east 
in  the  latter  part  of  the  day.  This  however  is  the  extreme 
portion  of  the  storm,  and  accordingly,  soon  after  this,  the 
north  wind  sets  in  briskly  from  north-east  instead  of  from 
north-west. 

It  may  be  observed  that  in  the  south  the  rise  of  the  baro- 
meter ceases  at  Cork  whilst  it  continues  at  Plymouth;  the 
phaenomena  of  the  next  day  (13th)  however,  explain  this,  for 
by  the  setting  in  of  the  current  from  north-west  on  the  south- 
west, which  opposing  the  south  wind  blowing  in  the  more 
southern  parts,  causes  a  very  rapid  rise  of  the  barometer  in 
the  south,  but  more  especially  in  the  south-west,  a  dispro- 
portionate pressure  there  is  again  produced,  and  the  conse- 
quences are  in  some  degree  the  same  as  before ;  for  on  the 
13th,  although  the  barometer  rose  rapidly  at  the  Orkney 
islands,  and  the  north-east  wind  fully  set  in  in  Scotland,  the 
south  wind  blowing  previously  only  in  the  extreme  south,  in- 
creases in  strength  and  becomes  prevalent  in  all  the  southern 
part,  causing  a  considerable  fall  of  the  barometer  in  the  south, 
which,  as  before,  occurs  first  at  Cork,  confirming  the  view 
that  the  rarefaction  of  the  atmosphere  is  greatest  in  the  north- 
west. At  North  Shields,  where  on  the  night  previous  the  wind 
was  strong  from  the  west,  it  changed  to  south-west,  though 
extremely  light,  and  caused  a  slight  fall  of  the  barometer  be- 
tween 9  a.m.  and  2  p.m. 

The  phaenomena  presented  by  the  diagrams  of  this  day, 
together  with  the  variations  of  the  barometer  given  in  the 
first  column  of  the  13th,  though  of  the  same  kind  as  in  two 
previous  instances,  afford  so  striking  an  example  of  the  case 
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of  $  2,  because  of  the  blowing  of  both  currents  being  so  fully 
pointed  out,  that  I  cannot  pass  it  over.  We  see  that  on 
the  south  the  south  wind  is  prevalent  and  strong,  and  the 
north  is  blowing  as  a  fresh  breeze  in  the  north,  the  two  cur- 
rents meeting  and  balancing  one  another  a  little  to  the  north 
of  the  centre  of  the  field  of  observation,  and  yet  in  this 
place  the  barometer  falls,  the  fall  increasing  towards  south 
on  account  of  the  greater  height  of  the  barometer  there  at 
its  commencement;  but  at  the  same  time  a  rise  takes  place 
in  the  north.  Now  it  is  certain  that  if  these  winds  were 
simply  the  flow  of  exactly  similar  currents,  the  one  flowing 
from  north  and  the  other  from  south  to  a  space  between 
them,  on  this  space  the  barometer  would  rise.  What  then 
becomes  of  the  air  brought  to  the  place  of  meeting  if  the 
southern  current  does  not  carry  it  off  in  the  upper  regions  of 
the  atmosphere,  as  shown  in  fig.  1  by  the  upper  arrows  be- 
tween c  and  b  ?  That  it  does  not  arise  from  any  atmospheric 
change,  originating  in  a  central  portion,  such  as  a  change  in 
the  elasticity  of  the  atmospheric  columns,  causing  a  portion 
of  air  to  roll  off  from  their  upper  parts  and  a  current  to  set 
in  towards  their  bases,  is  very  evident,  because  the  diminution 
of  pressure  begins  and  is  greatest  at  the  most  remote  parts  of 
the  south  wind  flowing  towards  it;  but  if  we  admit  the  ex- 
planation given  by  §  2,  the  phenomena  presented  by  the 
barometer  are  perfectly  consistent  with  the  action  of  the  two 
contrary  currents,  which  appear  to  have  met  so  directly  that 
a  calm,  or  a  state  of  the  air  nearly  approaching  to  it,  is  pro- 
duced*. 

On  the  afternoon  of  the  1 3th  the  north  wind  becomes  the 
most  prevalent,  and  the  barometer  rises  rapidly  throughout, 

*  As  the  north  and  south  winds  are  deflected,  the  one  from  east  and 
the  other  from  west,  the  relative  position  of  England  and  Scotland  might 
at  first  sight  give  rise  to  the  opinion,  that  when  the  north  was  blowing  in 
Scotland  and  the  south  in  England,  they  do  not  blow  in  opposition  to  each 
other,  but  in  parallel  bands;  in  the  cases  of  the  13th  and  15th,  however, 
as  well  as  others  in  which  this  opposition  has  been  remarked,  the  observations 
in  Ireland  and  the  extreme  west  of  England  remove  all  doubt  as  to  the 
actual  collision  of  the  currents,  for  we  see  by  these  the  two  currents  blow- 
ing directly  towards  each  other  in  the  more  remote  parts,  and  variable 
winds,  calms,  or  the  deflections  of  the  south  current  from  east,  near  the 
place  of  meeting. 

It  is  evident,  however,  that  when  the  north-east  wind  prevails  in  a  much 
greater  degree  on  the  eastern  parts  than  on  the  western,  as  appears  to  be 
the  case  in  some  days  of  this  period,  the  opposite  currents  may  blow  in  par- 
allel bands  for  some  distance ;  but  on  the  parts  immediately  adjacent  to 
the  north  wind,  the  south  wind  will  be  south-east ;  hence  a  northern  loca- 
lity may  have  a  south-east  wind  when  a  north-east  blows  on  a  southern 
one  more  to  the  east,  a  case  frequently  occurring  in  this  country,  as  on  the 
2nd  and  3rd. 
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although  in  the  south  during  the  blowing  of  a  south  wind  ($  6). 
On  the  remaining  clays  of  this  series  the  north  wind  continues 
on  the  whole  to  gain  in  predominance  over  the  south,  and  to 
cause  the  barometer  to  rise,  not  however  without  a  check  in  the 
south,  where  the  south  wind  again  increases  in  strength  for  a 
time,  and  causes  a  slight  depression  of  the  barometer  on  the 
14-th  and  1 5th,  which  has  its  limit  northward  in  the  north  of 
England  or  south  of  Scotland,  where  the  force  of  the  wind  is 
balanced  by  the  opposite  current,  repeating  the  phaenomena 
of  the  13th,  though  with  this  difference,  that  on  the  15th  the 
north  wind  prevails  to  a  greater  degree  than  on  the  13th,  so 
that  at  North  Shields  the  north-east  wind  itself  is  blowing; 
still  however  there  is  a  slight  fall  of  the  barometer  (§  5).  On 
the  16th  the  south  wind  has  greatly  decreased,  and  serves  only 
to  produce  the  great  comparative  rise  of  the  barometer  at  Ork- 
ney (§  7),  where  it  attains  a  height  considerably  above  the 
mean.  On  the  17th,  the  day  on  which  the  barometer  attains 
its  maximum  elevation,  we  have  very  little  indication  of  the 
south  wind  blowing  on  the  south;  it  is  however  blowing  on 
the  west,  and  accordingly  we  find  the  elevation  beginning  in 
the  north-west  and  extending  itself  towards  the  south-east ; 
now  as  this  is  the  direction  in  which  the  point  of  C  of  fig.  1, 
whether  the  point  of  depression  or  elevation  moves,  and  this 
elevation  differs  from  that  of  the  4th,  during  which  also  the 
opposition  of  the  south  wind  was  on  the  west,  in  extending 
eastward  and  south ;  and  also  as  in  many  previous  instances 
the  south  wind  merely  retreated,  and  did  not  altogether  dis- 
appear when  the  north  wind  advanced;  we  may  infer  that  in 
the  present  case  it  is  yet  blowing  in  localities  southward  of 
the  latitudes  included  in  the  diagram.  If  not,  the  phaeno- 
mena yet  admit  of  easy  explanation,  on  the  supposition  that 
the  north-east  wind,  which  is  blowing  with  great  strength, 
occupies  (j  9)  a  greater  proportion  of  the  height  of  the  at- 
mosphere than  the  equal  flow  of  the  upper  current  admits  of. 


Names  of  Places. 


Orkneys  ... 
Glasgow  ... 
Belfast  ... 
Armagh  ... 
Shields    ... 

Cork    

Bristol    ... 
Plymouth 
London   . . . 

Paris    

Christiania 


IS. 


-•16 
-•05 

-03 
-•07 
-05 
-02 

+•03 
+•04 
+•22 
+•19 
-13 


-11 

-•04 
-•11 


+•05 
-14 

-•36 
-12 

-14 

-•08 

+•03 
+•06 


19. 


-•44  ,  —  -07 


-•30: --17 


+-o;j 

-•02 

-•04 
-•15 

-•31 
-•27 

-•26 
-•18 


20. 


+•04 
+  12 
+•08 

•00 
+  •12 
-•16 

•00 
-•18 
-•27 
-•44 
-■18 


-•03 

■00 
+•04 

-•02 


-02 
+•02 

•00 
+•01 

-•20 

-•70 
-•08 
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Names  of  Places. 


Orkneys  ... 
Glasgow  ... 
Belfast  ... 
Armagh  ... 
Shields   ... 

Cork    

Bristol     ... 
Plymouth 
London  ... 

Paris    

Christiania 


21. 


•00 

+•02 
+•10 
+•10 

+•04 
+•04 

+•15 

+  03 

+•01 

•00 


-•06 

-•01 
-•01 


+•02 


-•18 
-•20 

-•31 

-•12 

-•07 
+•01 

+•12 
•00 


22. 


-•30 
-•40 
-•53 
-•23 
-•36 
-•25 
-•46 
-•34 
-•40 
-•32 
+•02 


•00 

-•12 

•00 


-14 

-•18 


-•08 
-10 

•00 
-15 

+•19 

+•17 

-•01 
-•02 


23. 


-•03 

+•05 
+•04 
-•02 
+•04 
-•24 
-•01 
-•03 
+•22 
+•20 
+0-5 


-14 


-04 
-•24 


+•09 


-•06 
-•16 

-•49 
-12 

-•44 
-•57 

-17 

+•02 


Names  of  Places. 


Orkneys  ... 
Glasgow ... 
Belfast  ... 
Armagh  ... 
Shields   ... 

Cork   

Bristol    ... 
Plymouth 
London  ... 

Paris   

Christiania 


24. 


+  • 


•19 

•30 

•49 

-04 

•23 

•30 

-•01 

•56 

•00 

•21 

•07 

•68 

+•01 

•35 

02 

-•03 
-•13 

-•07 
-•14 

-•08 
-•08 

+•09 
+•02 


25. 


—  04 
+•05 
-01 
+•07 
+  •05 
+•25 
•00 
-04 
-01 
-12 
-•01 


+•08 

+•02 
+•01 


-•02 


+•06 
+•07 

+•14 
+  03 

+•19 

+•20 

+•13 

-•08 


26. 


•00 
+•06 
+•15 
+•12 
+•08 
+•20 
+•10 
+•10 
+•21 
-01 

•00 


+•07 
+•04 
+•08 


00 
+  14 

+•15 
+•16 

+•20 
+  15 

+•21 

+•02 


Having  now  given  a  detailed  explanation  of  the  several 
phaenomena  of  the  preceding  observations,  it  will  be  sufficient 
to  give  a  very  general  account  of  those  of  the  succeeding  ones ; 
they  are  however  of  great  interest.  The  first  in  occurrence, 
whose  approach  is  indicated  by  the  p.m.  observation  of  the 
barometer  at  the  Orkneys  on  the  17th,  is  a  depression  of  the 
barometer  by  a  south  wind  of  just  sufficient  strength  to  be 
called  a  storm,  and  its  subsequent  rise;  both  progressing  from 
north-west  to  south-east.  Before  the  restoration  of  the  usual 
pressure  of  the  atmosphere  a  second  storm  occurs,  prevailing 
in  Ireland  on  the  night  of  the  21st,  and  in  England  on  the 
22nd ;  and  whilst  the  storm  was  blowing  in  the  latter  country 
the  returning  current  set  in  strong  from  north-west  in  the 
former,  raising  the  barometer  there  to  a  height  considerably 
above  that  in  England  (§  16) ;  its  height  however  on  the  fol- 
lowing day  was  rapidly  reduced  by  the  setting  in  again  of  the 
south  wind,  as  we  have  before  seen  in  cases  of  a  dispropor- 
tionate elevation  of  the  barometer  in  the  south,  and  continued 
the  following  day  (the  24th).  Both  these  storms,  but  more 
particularly  the  latter,  approached  this  island  from  about  the 
north  of  Ireland,  as  appears  from  the  fall  of  the  barometer 
occurring  first  at  Armagh.  It  must  be  recollected  however  that 
the  observation  there  is  registered  at  10  p.m.,  thus  one  hour  and 
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a  half  later  than  that  at  the  Orkneys ;  and  as  the  observation  at 
3  p.m.  at  Belfast  shows  that  it  occurred  between  these  hours, 
the  difference  in  time  accounts  for  part  of  the  difference  in  the 
variation  of  the  barometer;  but  in  accordance  with  this  view 
of  the  direction  of  its  motion,  we  observe  that  the  greatest 
depression  of  the  barometer,  as  shown  by  the  observations,  is 
at  Glasgow,  and  therefore,  if  not  precisely  there,  it  must  be 
somewhere  between  this  and  the  Orkney  islands,  and  hence 
it  is  that  the  south  wind  during  these  storms  very  seldom 
extends  to  the  north  of  Scotland,  and  that  the  north  wind  is 
generally  prevalent  there;  and  when  it  is  not,  the  south  wind 
is  very  inconstant,  as  there  is  always  a  northerly  direction 
given  on  the  same  locality,  excepting  when  the  wind  is  simply 
stated  east,  when  there  can  be  little  doubt  it  was  from  the 
north  of  that  point ;  and  if  not  so,  it  at  least  shows  that  the 
south  wind  had  little  strength.  On  the  23rd  and  24th,  how- 
ever, the  days  on  which  the  principal  depression  of  this  period 
occurred,  the  north  wind  in  the  north  is  well-marked,  whilst 
the  south  wind  is  blowing  in  the  south.  The  latter  of  these 
storms  offers  an  example  of  the  case  of  §  16,  but  one  in  which 
there  is  a  more  equable  division  between  both  portions  of  the 
storms  of  §  15. 

The  two  remaining  days  of  the  period  represent  by  simi- 
larity, the  remaining  portion  of  the  month  not  included  in  the 
observations  given;  the  weather  continued  stormy,  and  the 
barometer  fluctuating  according  to  the  prevalence  of  the  north 
or  south  wind,  the  north  however  being  on  the  whole  pre- 
dominant, so  that  the  barometer  attained  its  mean  height  on 
the  1st  of  December. 

As  a  very  remarkable  depression  of  the  barometer  occurred 
on  the  13th  of  January,  1843,  I  included  the  first  fifteen  days 
of  this  month  in  my  collection  of  observations,  but  with  the 
exception  of  the  storm  which  occasioned  that  depression, 
they  do  not  offer  anything  sufficiently  worthy  of  notice,  after 
what  has  already  been  given,  to  make  it  necessary  to  insert 
them  here.  That  storm  however  I  notice  particularly,  because 
it  presents  an  additional  illustration  of  the  action  of  the  storms 
of  §  16,  its  phaenomenaconfirming  the  account  given  of  storms, 
derived  from  a  consideration  of  those  of  the  10th  and  11th  of 
November  1842.  It  advanced  to  the  north  of  England  from 
a  line  running  somewhat  in  the  direction  from  Cork  to  Ply- 
mouth ;  thus  at  Plymouth  it  began  at  1 1  p.m.  of  the  12th,  and 
at  North  Shields  about  half  an  hour  after  5  a.m.  of  the  13th, 
six  and  a  half  hours  later ;  but  in  the  south  its  progress  to- 
wards south-east,  or  its  recession  along  the  line  c  C  of  fig.  3, 
is  well-marked,  for  it  began  at  Cork  at  7  p.m.  of  the  12th, 
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four  hours  sooner  than  at  Plymouth,  and  at  Portsmouth  at 
2  a.m.  of  the  13th,  three  hours  later  than  at  Plymouth.  At 
London  and  Bristol  it  began  at  the  same  hour  as  at  Ports- 
mouth, 2  a.m.*,  so  that  its  "progress  in  both  directions  is 
clearly  seen. 

In  this  case  also,  as  in  the  previous  one,  the  storm  succeeded 
a  great  depression  of  the  barometer  in  the  north.  The  order 
of  time  in  which  the  minimum  height  of  the  barometer  was 
attained,  coincides  exactly  with  that  of  the  beginning  of  the 
storm,  and  is  very  conspicuously  marked  in  both  directions  ; 
thus  in  that  of  the  receding  portion,  or  along  the  line  c  C  of 
fig.  3,  the  time  of  the  minimum  at  Cork  was  early  in  the 
morning,  or  during  the  night;  at  Falmouth  9  a.m.;  at  Ply- 
mouth 10  a.m.,  and  at  Paris  about  noon;  again  in  the  direc- 
tion of  the  advancing  portion,  or  along  the  line  C  B,  it  was 
two  hours  later  at  Bristol  than  at  Falmouth,  and  at  Shields 
five  hours  later  than  at  Bristol.  I  have  not  thought  it  necessary 
to  give  a  diagram  showing  the  directions  of  the  wind,  because 
they  may  be  so  easily  described.  The  wind  was  south-west 
in  the  south  of  Ireland  and  of  England,  east  and  north-east 
in  the  north  of  Scotlandf,  and  south-east  or  south-south-east 
(§11)  between  the  two  extremes,  as  in  the  north  of  England 
and  south  of  Scotland. 

This  storm  affords  also  an  illustration  of  §  4;  for  though,  as 
on  the  11th  and  12th  of  November,  1842,  the  height  of  the 
barometer  at  its  cessation  was  not  very  far  from  equal  through- 
out, the  reduction  was  greater  in  the  north  of  England  than 
in  the  extreme  south,  yet  in  the  former  region  it  was  a  storm 
of  short  continuance  and  no  extraordinary  violence,  whilst  in 
the  latter  it  is  described  as  a  perfect  hurricane. 

Height  of  Barometer,  January  1843. 


Names  of  Places. 


Orkneys  .... 
Glasgow 
Belfast  ..., 
Armagh  .... 
Shields  .... 
Bristol    .... 

Cork   

Falmouth  , 
Plymouth  , 
London  ... 

Paris  , 

Christiania 


11. 


28-76 
2875 
2910 
28-85 
28-80 
2914 
29-08 
29-24 
29-22 
29-11 
29-12 
28-55 


12. 


28-99 


28-88 

2900 
8909 

2903 


28-79 
28-65 

28-57 
28-81 
28-78 

28-83 
28-79 

28-79 
28-67 


28-84 
28-74 
29-02 
28-78 
28-84 
28-84 
29-20 
28-80 
28-71 
28-74 
28-07 
28-83 


2905 

28-90 

29-20 
29-22 
29-17 

28-97 

28-77 


28-82 
28-70 

28-55 
28-93 
2913 

29-23 

29-22 

2911 

28-98 


*  Shipping  Gazette  Newspaper,  January  1843. 

t  At  Tobermorey  (Mull)  a  hard  gale  from  E.N.E.  (§  2),  at  North  Shields 
S.S.E.,  and  in  Leith  Roads  a  gale  Iroin  ES.E. 
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Names  of  Places. 


13. 


Orkneys 28-57 

Glasgow 2790 

Belfast    28-10 


Armagh  .... 
Shields  .... 
Bristol 

Cork   

Falmouth  . 
Plymouth  . 
London  .... 

Paris  

Christiania . 


27-83 
28-18 
28-18 
28-58 
28-45 
28-44 
28-35 
28-79 
28-96 


2805 

28-81 

28-78 


1 28-51 
12812 
28-22 

28-48 
•  28-15 
j  28-75 

2903 


28-70 !  2901 
28-32 


28-74 


28-93 
28-91 


Minimum 
on  13th. 


28032 
27-975 

28-45 
28-436 

28-74 


Time  of 
minimum. 


14. 


4  P.M. 
11  A.M. 

9  A.M. 
10  A.M. 

about  noon 


28-52 
28-56 
28-90 
28-61 
28-62 
2903 
28-70 
29-08 
2917 
2905 
2919 
28-71 


28-75 

28-72 
28-74 


28-51 
28-61 

28-84 
28-64 
28-77 
28-85 

29-04 
2901 

28-68 
28-56 


Variations 

of Barom 

eter. 

Name*  of 
Places. 

11. 

12. 

13. 

14. 

Orkneys  ...!+-28| 

+•03 

+•051 

-•02 

-•25 

--06+-01 

-•01 

Glasgow  ..-(-'19, 

-•10 

+•09 

-04 

-•80 

— 22,+-44 

+•05 

Belfast   ...+-06--11 

+•03'+ -03 

-•95 

+•12          |+-68 

-•06 

Armagh  ...  --03 

-•28 

+•20 

-•23 

-•72 

+•65—13 

+•03 

Shields  ...—01 

+-0J 

+•03 

+•09 

+•09 

-•75 

-•13 

-03+ -47 

+•15 

Bristol    ...  -01 

-•36 

+  •06 

+•29, --95 

+-57i+-28 

-•18 

-•20 

+•32 

•00 

-•62 +-23 

-•11 

+•05 

Falmouth  .  --10 

-•41 

-03 

+•42 

+•43  _ -78—33  +-58—03 

-•04 

Plymouth 

-•22 

-•43 

-•08 

+•46 

+•51 

-•78+-26;+-57|+-16 

-•45 

•16 

London  ...'+-06 

-•09 

-•28 

-•23 

+•44 

-•62  -03          —73 

-•31 

Paris  —08 

-•33 

-•12 

-•32 

+•14+ -26 

-•51 

Christiania 

1          1 

+•12+16 

+•15  -02 

-■05—20 

-15 

An  extraordinary  depression  of  the  barometer  (height 
28*612)  for  that  latitude  occurred  about  the  same  time  at 
Parisf  as  that  in  England ;  it  however  occurred  at  6  a.m.  of 
the  day  previous  to  that  in  this  country,  for  which  reason  I 
have  noticed  it  here,  as  at  first  sight  it  might  seem  opposed 
to  the  general  order  of  the  phaenomena  presented  by  the  fore- 
going observations;  but  it  did  not  occur  during  "the  hurri- 
cane," for  the  wind  in  the  Paris  meteorological  register  for 
the  12th  is  quoted  merely  "  strong,"  but  on  the  following  day, 
when  the  fall  corresponding  to  the  great  depression  in  En- 
gland took  place,  the  wind  is  quoted  "  very  strong,"  and  the 
tables  show  also  a  fall  of  the  barometer  in  England  on  the  12th 
corresponding  with  that  at  Paris. 

I  may  now  conclude  this  part  of  the  subject  by  remarking 
that  observations  for  other  periods  than  those  chosen  might 
exhibit  difficulties  which  do  not  appear  in  these,  although  I 
have  made  no  selection  in  publishing  them,  but  merely  given 
those  I  collected  on  account  of  the  period  included  in  them 

*  Time  of  minimum  not  noted  but  during  the  night  of  12-13. 
f  Annates  de  Chimic  el  de  Physique. 
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being  more  than  usually  stormy.  Whatever  difficulties  do 
arise,  however,  it  must  be  borne  in  mind  that  the  situation 
of  this  island  is  peculiar,  having  in  summer  a  temperature  be- 
low that  of  parts  of  Europe  on  the  north,  and  in  winter  above 
that  of  part  of  the  continent  on  the  south;  hence  a  very  con- 
siderable complexity  in  the  directions  of  the  currents  must 
occasionally  occur. 

The  results  given  in  the  first  portion  of  this  paper  are  de- 
duced from  the  simple  fact  of  the  descent  of  the  upper  current 
of  the  atmosphere,  and  are  altogether  independent  of  the  im- 
mediate cause  of  its  descent;  that  it  must  always  be  descend- 
ing in  some  portion  or  other  of  its  course,  to  supply  the  place 
of  the  air  flowing  in  the  surface  current  towards  the  equator, 
is  very  evident;  but  the  indications  of  the  barometer  show  that 
the  acting  cause  of  its  descent  at  any  particular  time  is  not — 
always  at  least — a  deficiency  or  rarefaction  of  the  air,  such  as 
would  be  occasioned  by  the  flowing  of  the  lower  current,  were 
its  effect  uncompensated  by  the  arrival  of  air  from  above,  for 
the  south  wind  often  sets  in  when  the  barometer  is  high.  I 
have  alluded  to  this  subject  before  (Phil.  Mag.  Oct.  1843, 
p.  280),  noticing  the  effect  of  the  difference  of  the  opposite 
currents  with  respect  to  the  quantity  of  aqueous  vapour  in 
each  ;  but  though  there  appears  no  reason  to  doubt  that  effect 
being,  in  a  greater  or  less  degree,  as  there  supposed,  I  stated 
a  difficulty  which  it  is  probable  does  not  exist,  that  of  the 
descending  air  being  warmer  than  the  air  previously  in  its 
place — an  opinion  derived  simply  from  the  fact  of  the  upper 
current  having,  from  its  origin,  generally  the  higher  tempera- 
ture. Now  it  may  very  often  be  observed,  though  not  always, 
that  the  temperature  does  actually  become  colder  immediately 
at  the  change  of  the  wind  from  north  to  south,  though  it  rises 
again  on  the  continuance  of  the  wind ;  for  when  once  it  has 
found  its  way  to  the  surface,  then  of  course,  whatever  its  tem- 
perature subsequently,  it  will  continue  there  until  its  force  be 
overcome,  one  portion  making  way  for  the  next  following. 
The  cases  in  which  the  temperature  rises  immediately  on  the 
change  of  the  wind  may  be  those  in  which  the  change  either 
takes  place,  not  from  an  immediate  descent  of  the  current,  but 
simply  from  its  advance  (§  16)  from  southern  localities,  where 
it  has  previously  descended,  or  perhaps  been  blowing  for 
some  time,  and  advanced  by  reason  of  an  increase  of  force;  or 
by  its  recession  (§  15)  from  north*. 

*  This  is  a  distinction  which  must  be  carefully  borne  in  mind  during  the 
reading  of  these  remarks,  and  during  all  consideration  of  this  subject,  in 
order  to  guard  us  from  drawing  inferences  in  any  one  particular  case  of  a 
change  of  wind,  when  its  nature  in  this  respect  is  not  known. 
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Now  the  south  wind  descends  or  blows  in  the  greatest  de- 
gree during  the  winter  half  of  the  year  *,  and  then  most  at 
night;  that  is,  when  the  temperature  of  the  earth  and  the  at- 
mosphere is  falling  by  radiation;  whilst  in  spring  and  summer 
— the  temperature  increasing — the  lower  current,  or  north- 
east wind,  prevails  more  than  at  any  other  time  of  the  year. 
Now  it  is  obvious  that  were  the  cooling  of  the  atmosphere  un- 
affected by  that  of  the  earth,  its  upper  strata,  notwithstanding 
the  facility  with  which  heat  passes  through  it,  would  be  first 
and  most  cooled  by  radiation  ;  but  we  know  that  within  small 
heights — to  the  extent  of  about  100  feet — above  the  surface  of 
the  earth,  in  which  such  observations  can  be  easily  conducted, 
the  lower  strata  are  much  the  coldest  in  nights  when  radiation 
is  vigorous,  by  reason  of  the  cooling  of  the  earth.     It  is  ob- 
vious however  that  it  does  not  at  all  necessarily  follow  from 
this  that  this  increase  of  temperature  in  ascending,  or  rather 
as  it  would  be  after  a  certain  height,  increase  compared  with 
the  general  progressive  decrease  of  the  temperature,  should 
go  on  towards  the  higher  regions  of  the  atmosphere;  for  it  is 
evident,  from  the  very  great  rapidity  in  which  the  temperature 
decreases  towards  the  surface,  that  it  is  very  much,  if  not  al- 
most entirely,  owing  to  contact ;  but  on  the  contrary  there 
will  be  a  certain  elevation,  perhaps  not  very  great,  at  which 
the  cooling  of  the  atmosphere  by  the  greater  radiation  of  heat 
into  space  in  the  strata  above  than  in  those  below  it,  is  so 
much  greater  than  the  cooling  in  the  air  below,  occasioned 
by  radiation  to  the  earth,  that  the  previous  relation  of  the 
temperatures  of  the  air  of  the  two  currents  may  become  at 
any  time,  when  this  difference  is  not  very  great,  reversed,  and 
the  upper  one,  being  then  comparatively  the  colder,  descends. 
The  cooling  may  also  be  materially  affected  by  the  presence 
of  clouds,  and  by  the  heights  above  the  surface  of  the  earth 
at  which  they  are  formed;  as  these  would  present  a  compa- 
ratively dense  radiating  body,  and  by  cooling  the  particles  of 
air  in  contact  with  them,  would  cause  currents  of  cold  air  to 

*  The  blowing  of  the  wind  from  west,  whether  north  or  south,  may  of 
course  (except  in  the  case  (§  12)  where  it  is  caused  by  the  flowing  of  air 
to  restore  the  atmospheric  pressure  as  in  storms)  be  taken  as  evidence  of 
the  descent  of  the  upper  current;  thus  in  the  cold  months  of  the  year, 
although  the  north  wind  is  strongly  urged  on  towards  warmer  regions  by  the 
greater  difference  of  temperature  between  adjacent  latitudes,  due  to  the 
season,  and  frequently  prevails, — it  is  generally  from  north-west. 

The  phenomena  of  tropical  regions  correspond  to  those  of  high  lati- 
tudes ;  thus  the  time  of  descent,  or  of  hurricanes,  is  after  the  sun  has  at- 
tained its  greatest  northern  declination,  consequently  when  solar  radiation 
is  decreasing ;  the  temperature  however  is  very  little  fallen,  and  is  in  some- 
what of  the  variable  state  of  high  latitudes,  the  blowing  of  the  trade-wind 
being  then  nearly  suspended. 
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descend;  and  also  prevent  radiation  from  the  earth  and  atmo- 
spheric strata  beneath  them.  Admitting  such  a  cause  of  de- 
scent of  cold  air,  we  shall  have  an  explanation  of  those  sudden 
colds  often  experienced,  which  cannot  be  accounted  for  on  the 
supposition  of  the  arrival  of  air  from  colder  regions. 

But  in  the  summer  half  of  the  year  the  time  of  descent  of 
the  upper  current  is  not  in  the  night  more  especially  than 
during  the  day. 

Being  desirous  of  confirming  the  opinion  that  the  south 
wind  prevailed  most  at  night,  I  selected  from  my  own  register 
of  the  wind,  made  three  times  a  day,  all  the  changes  of  wind 
from  north  to  south  and  from  south  to  north  for  one  year, 
noting  the  time  (whether  night  or  day)  at  which  they  oc- 
curred, and  met  with  the  unexpected  result,  that  whilst  with 
regard  to  the  winter  months  the  opinion  was  amply  confirmed, 
in  those  of  summer  the  result  was  rather  the  opposite  to  it, 
the  change  on  the  whole  taking  place  most  frequently  in  the 
daytime  ;  and  in  order  to  confirm  this  conclusion,  the  changes 
were  selected  from  two  other  years,  with  the  same  result.  I 
have  presented  in  a  table  the  average  number  of  changes 
for  the  three  years,  merely  remarking  that  with  scarcely  an 
exception  the  same  month  of  each  of  the  three  years  gave  a 
result  in  accordance  with  the  mean  one.  The  table  also  con- 
tains the  changes  from  south  to  north,  which  are  in  general 
opposite  to  the  contrary  ones. 


Number 

of  Changes  of  Wind. 

Night. 

Day. 

Month. 

Night. 

Day. 

From      From 

From 

From 

From   i   From 

From 

From 

N.  to  S.'S.  to  N.  N.  to  S. 

1               1 

S.  to  N. 

N.  to  S.  S.  to  N. 

N.  to  S. 

S.  to  N. 

Jan. 

73 

1-7 

1-7 

60 

April 

23 

5-3 

6-3 

2-7 

Feb. 

3-7 

20 

1-7 

3-7 

May 

40 

4-0 

3-3 

3-7 

March 

6-3 

4-3 

2-3 

4-3 

June 

33 

2-7 

13 

1-3 

Oct. 

43 

3-3 

27 

3-3 

July 

33 

53 

5-3 

43 

Nov. 

5-3 

1-3 

1-7 

60 

Aug. 

3-7 

50 

5-0 

3-7 

Dec. 

50 

40 

2-3 

33 

Sept. 

3-7 

30 

2-3 

3-3 

Total 

31-9 

166 

12-4 

266 

Total 

20-31  ,  2.1  32 

23-6 

190 

The  want  of  exact  consistency  which  appears  in  the  results 
of  the  summer  months  is  easily  accounted  for  by  the  lightness 
of  the  wind  and  its  arising  often  from  merely  local  circum- 
stances ;  the  total  result  however  is  sufficiently  decided  to 
show  the  difference  of  character  of  the  winter  months.  Now 
in  summer  the  temperature  of  the  lower  strata  of  the  atmo- 
sphere with  respect  to  those  above,  from  the  heat  derived 
from  the  ground,  is  comparatively  much  greater  than  in  winter, 
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the  difference  of  course  being  greatest  in  the  daytime;  thus 
then  the  daytime  is  more  favourable  for  the  descent  of  air 
from  the  upper  strata  than  in  winter. 

Hence  then  I  think  it  may  be  concluded  that  the  air  of  the 
upper  current  becomes  relatively  colder  than  the  lower  strata 
of  the  atmosphere  by  loss  of  its  heat  by  its  own  radiation,  and 
that  when  the  cold  has  arrived  at  a  certain  degree,  it  de- 
scends, if  other  conditions  which  influence  its  descent  are  fa- 
vourable; these  conditions  being  the  state  of  the  temperature 
and  pressure  of  the  air  of  adjacent  latitudes,  by  which  the 
force  urging  forward  the  surface  current  of  the  atmosphere  is 
affected;  and  the  state  of  the  opposite  currents  with  respect 
to  aqueous  vapour. 


XLVI.   On  the  Derivation  of  the  Word  Theodolite. 
By  Professor  De  Morgan  *. 

T^HE  word  theodolite  has  puzzled  all  who  have  tried  to  trace 
p  it  to  its  origin.  Some  have  connected  it  with  the  roots 
of  dedofiat,  and  SoXivo9,  and  made  it  a  seer  of  lengths,  though 
the  instrument  neither  does,  nor  ever  did,  see  anything  but 
angles.  In  a  modern  dictionary  of  good  reputation,  it  is  con- 
nected with  deaofxai  and  80X09,  and  made  a  seer  of  stratagems, 
which  might  apply  to  a  telescope:  but  unfortunately  the  use 
of  the  term  theodolite  was  prior  to  the  invention  of  the  tele- 
scope. 

The  word  is  exclusively  English,  never  having  obtained  any 
mention  from  foreigners  till  comparatively  recent  times.  The 
Encyclopedic  Melhodique  (1789)  does  indeed  give  the  word 
without  allusion  to  its  origin;  but  Saverien's  dictionary  (1753) 
says  that  the  theodotile  (as  it  is  spelt)  is  an  instrument  used 
by  the  English,  much  resembling  the  graphomelre. 

I  find  that  the  use  of  the  word  runs  back  to  the  "  Geometri- 
call  practise  named  Pantometria,"  begun  by  Leonard  Digges, 
and  finished  by  Thomas  Digges  his  son  (published  London 
1571,  quarto,  reprinted  in  1591).  But  it  seems  as  if  the  name 
was  not  then  new.  Chapter  27  is  on  "  the  composition  of  the 
instrument  called  Theodelitus,"  and  it  is  plain  from  various 
modes  of  speaking  that  the  word  is  here  an  adjective  or  par- 
ticiple. This  "circle  called  Theodelitus,"  or  "planisphere 
called  Theodelitus,"  is  nothing  but  a  graduated  circle  with  a 
revolving  diameter  furnished  with  sights,  and  placed  horizon- 
tally. Held  vertically,  it  would  have  been  the  astrolabe  of 
the  period,  and  nothing  else.  In  Leybourn's  '  Compleat  Sur- 
veyor,' 1657,  we  learn  that  the  altitude  circle  was  sometimes 
*  Communicated  by  the  Author. 
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added;  and  in  Stone's  Mathematical  Dictionary  (1726)  that 
it  was  sometimes  furnished  with  a  telescope. 

A  ruler  with  sights,  travelling  upon  a  graduated  circle,  was 
a  constituent  part  of  various  astronomical  instruments  im- 
ported into  Europe  from  the  East,  and  was  accompanied  by 
the  Arabic  term  alhidada  to  express  it.  The  word  alidade  or 
alhidade  (for  it  is  spelt  both  ways)  is  completely  naturalized 
in  France,  and  appears  in  the  common  dictionaries.  It  was 
also  used  by  the  English  writers  of  the  sixteenth  century,  and 
among  others  by  Digges  himself.  The  original  theodolite 
being  nothing  but  a  graduated  circle  with  an  alidade,  some 
connexion  between  the  terms  might  be  suspected  by  those  to 
whose  notice  they  are  brought.  But  so  different  do  the  words 
appear,  that  I,  for  one,  should  never  have  been  reminded  of  the 
first  by  the  second,  if  I  had  not  happened  to  find,  in  a  writer 
contemporary  with  Digges,  an  intermediate  formation,  which 
brings  the  two  words  nearer  together.  William  Bourne's 
*  Treasure  for  Travailers '  was  published  in  1578 ;  he  does  not 
use  the  word  theodelite,  but  calls  the  instrument  the  "  hori- 
zon tall  or  flatte  sphere."  He  begins  by  spelling  the  word 
alhidada  thus,  alydeday,  but  soon  changes  it,  and  keeps  very 
steadily  to  athelida,  which  is  the  only  technical  term  intro- 
duced in  his  description  of  what  Digges  calls  theodelitus. 
From  these  premises,  I  cannot  help  inferring  that  the  theo- 
delited  circle  of  Digges,  and  the  athelidated  circle  of  Bourne, 
which  are  certainly  the  same  things,  are  but  described  by  dif- 
ferent corruptions  of  the  Arabic  word  whose  earliest  Euro- 
pean form  is  alhidada. 

In  our  day  such  a  transformation  might  not  be  easy;  but 
when  the  works  above-mentioned  were  written,  nothing  was 
more  common  than  to  spell  the  same  word  in  two  different 
ways  in  the  course  of  one  sentence.  Bourne  himself,  though 
he  sometimes  spells  the  name  of  Digges's  work  correctly, 
Pantometria,  yet  in  the  first  place  in  which  it  occurs,  he  makes 
Pantometay  of  it,  possibly  a  misprint  for  Pantometry. 

The  fact  seems  to  have  been  thus  in  this  and  many  other 
instances.  In  the  sixteenth  century,  before  the  language  was 
well-settled,  an  author  more  accustomed  to  Latin  than  En- 
glish, would  try  to  anglicize  some  technical  terms;  and,  not 
finding  his  results  please  his  own  fancy,  would  then  fall  back 
upon  the  Latin.  Bourne  has  done  this  with  both  athelida 
and  pantometria ;  and,  were  it  worth  while,  I  could  show 
abundance  of  similar  instances  in  other  writers. 

Nor  is  it  against  the  connexion  of  the  words  that  Digges 
uses  them  both.  Instances  are  not  wanting  in  which  two  dif- 
ferent spellings  of  the  same  word  are  used  by  the  same  writers 


On  the  Proportion  of  Water  in  the  Magnesian  Sulphates.  289 

for  different  things.  For  example,  the  original  English  sense 
of  the  word  square  applies  to  an  angle,  not  a  figure;  a  right 
angle  is  a  square  corner;  and  to  this  day  the  carpenter's  right 
angle  is  called  a  square.  But  I  could  name  half-a-dozen 
writers  of  the  end  of  the  sixteenth  century  who  use  the  two 
spellings  square  and  squire*  the  former  in  the  modern  sense, 
the  latter  for  the  carpenter's  instrument. 


XLVII.  Reply  to  the  Observations  of  M.  Pierre,  on  the  Pro- 
portion of  Water  in  the  Magnesian  Sulphates  and  Double 
Sulphates.     By  Thomas  Graham,  Esq.,  F.R.S.* 

IN  a  late  number  of  the  Annates  de  Chimie,  a  paper  by  M. 
Isidore  Pierre  appears,  On  the  Double  Salts  formed  by 
the  Oxides  of  the  Magnesian  Group,  of  which  an  abstract  is 
also  given  in  the  March  Number  of  the  Philosophical  Maga- 
zine, containing  statements  which  demand  some  remark  from 
myself.  It  presents  new  analyses  of  the  sulphate  of  magne- 
sia and  potash,  and  other  double  sulphates  of  the  same  type, 
from  which  the  author  infers  that  these  well-known  double 
salts  possess  seven  atoms  of  water  crystallization,  and  not  six 
atoms,  as  resulted  from  my  own  analyses  and  the  analyses  of 
all  other  chemists  who  have  of  late  years  examined  these  salts. 
The  double  salts  in  question  are  thus  made  by  M.  Pierre  to 
have  the  same  proportion  of  water  as  sulphate  of  magnesia 
itself;  while  the  latter  salt,  also,  is  not  found  to  retain  its 
seventh  atom  of  water  more  strongly  than  the  other  six,  but 
to  become  anhydrous  at  212°,  or  a  few  degrees  above  that 
temperature,  in  a  current  of  dry  air.  The  author  then  infers 
that  his  results  are  subversive  of  the  theory  which  was  ori- 
ginally published  by  myself,  of  the  constitution  of  the  mag- 
nesian sulphates,  and  to  which  I  still  adhere,  namely  that 
they  contain  an  atom  of  water  strongly  attached  and  not  easily- 
expelled  by  heat,  but  readily  replaced  by  an  alkaline  sulphate, 
with  formation  of  a  double  salt. 

Although  confident  of  the  accuracy  of  the  analyses  thus  im- 
pugned, I  considered  it  due  to  M.  Pierre,  who,  although  a 
young  chemist,  has  afforded  every  evidence  of  habitual  care 
and  accuracy  in  another  experimental  inquiry  of  importance, 
to  repeat  my  experiments. 

Of  the  double  sulphate  of  zinc  and  potash,  31*46  grains  by- 
drying  at  212°  for  several  days,  lost  7*75  grains  of  water ;  and 
by  fusion  at  a  heat  verging  on  redness,  0'08  grain  of  water 
additional,  making  the  whole  loss  7*83  grains.  Hence  the 
composition  of  the  salt  with  reference  to  water  is  as  follows : 
*  Communicated  by  the  Author. 
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Theory  of      Theory  of 
Experiment.         6HO.      7HO  (Pierre). 

Water 24-89  24*03  27*32 

Sulphate  of  zinc  and  potash     75*11  75*97  72*68 

100*  100*  100* 

The  experiment  obviously  indicates  six  and  not  seven  equi- 
valents of  water.  The  slight  excess  of  0*86  per  cent,  of  water 
is  not  more  than  is  usually  found  in  crystallized  salts,  arising 
from  the  difficulty  of  divesting  them  entirely  of  water  me- 
chanically interposed  between  the  plates  of  the  crystals.  The 
peculiarly  high  disposition  of  this  particular  class  of  salts  to 
retain  mechanical  water,  has  been  noted  by  Mitscherlich,  my- 
self, and  almost  every  one  else  who  has  made  them  the  sub- 
ject of  investigation.  It  has  probably  been  the  cause  of  the 
error  into  which  M.  Pierre  has  fallen,  in  over-estimating  their 
proportion  of  water. 

Although  it  is  scarcely  necessary  to  extend  the  inquiry  to  the 
other  double  salts  of  the  class,  which  being  isomorphous  with 
the  last  have  necessarily  the  same  proportion  of  water,  still  I 
may  be  allowed  to  avail  myself  of  a  series  of  five  analyses  of 
the  double  sulphate  of  copper  and  potash  lately  executed  in 
the  laboratory  of  my  friend  Prof.  Fownes,  and  which  he  has 
kindly  communicated  to  me. 


Expt.  1. 

Water 25-20 

24-00 
7600 

100- 

25:00 
7500 

4. 
25-2 

74-8 
100- 

Theory  of 
Theory  of        ?HO 
5.          6HO.        (Pierre). 

24-4      24-44      27*40 

Sulph.  of  copper  "1  74.cn 
and  potash  ...  j 

75-6     75-56     72-60 

100- 

100- 

100-      100-       100- 

These  experiments  all  concur  in  proving  that  six  equiva- 
lents is  the  proportion  of  water  in  the  double  sulphate  of 
copper  and  potash,  and  not  seven  equivalents. 

Although  M.  Pierre  gives  seven  atoms  of  water  to  the  double 
sulphate  of  magnesia  and  potash,  he  adds,  near  the  end  of  his 
paper,  as  if  to  qualify  the  statement,  that  when  he  communi- 
cated his  results  to  M.  Balard,  that  chemist  informed  him  that 
the  double  sulphate  of  magnesia  and  potash  contained  no 
more  than  six  equivalents  of  water,  and  was  therefore  consist- 
ent with  the  views  of  Mr.  Graham. 

With  reference  to  the  single  atom  of  water  strongly  retained 
by  the  magnesian  sulphates,  an  experiment  was  made  on  sul- 
phate of  zinc.  The  crystallized  salt  dried  for  several  days  at 
212°,  in  the  same  circumstances  as  those  in  which  the  double 
sulphate  of  zinc  and  potash  became  anhydrous,  still  retained 
water.     The  heat  being  continued  for  three  or  four  days  after 
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the  salt  ceased  to  lose  weight,  it  was  thereafter  found  to  con- 
sist  of — 

Experiment.         With  one  equivalent  of 
,   •       ■      A  •    >  water. 

Sulphate. of  zinc   .     20-42         89*20  90*03 

Water     ....       2'46         10-75  9-97 

22-88       100-  100- 

It  is  sufficiently  evident,  therefore,  that  sulphate  of  zinc, 
which  is  admitted  by  M.  Pierre  to  contain  seven  equivalents 
of  water,  retains  one  equivalent  of  water  by  a  stronger  affinity 
than  the  other  six,  contrary  to  his  observation ;  while,  more- 
over, this  strongly  retained  atom  of  water  is  absent  in  the 
double  sulphate  of  zinc  and  potash,  the  last  containing  only 
six  atoms  of  water — the  experimental  data  on  which  the  view 
of  the  constitution  of  these  salts  controverted  by  that  chemist 
is  founded. 

XLVIII.  On  the  Cohesion  of  Liquids  and  their  Adhesion  to 
Solid  Bodies.  By  M.  F.  Donny,  Agrege  a  V  Universite  de 
Gand,  Pre'parateur  du  Cours  de  Chimie. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen, 

THE  twenty-sixth  volume  of  your  valuable  Magazine 
(p.  541)  contains  an  account  of  two  communications 
made  by  Prof.  Henry  to  the  American  Philosophical  Society, 
on  the  5th  of  April  and  17th  of  May  1844,  both  relative  to 
the  cohesion  of  liquids. 

I  have  been  investigating  the  same  subject  from  the  begin- 
ning of  1841  to  the  end  of  1843,  when  I  gave  a  full  descrip- 
tion of  my  experiments  on  cohesion  and  adhesion  in  a  written 
communication  addressed  to  the  Academie  Royale  de  Brux- 
elles.  The  reception  of  this  memoir  is  recorded  in  the  Bul- 
letin de  la  Seance  du  2  Decembre  1843  (tome  x.  p.  457),  and 
the  memoir  itself  is  printed  in  the  Memoires  Couronnees  et  des 
Savants  Etra?igers,  tome  xvii.  I  beg  leave  to  direct  your  at- 
tention to  the  contents  of  this  communication. 

Having  discovered,  in  1841,  as  Prof.  Henry  did  in  1844, 
that  the  cohesion  of  liquids  is  a  powerful  attraction,  entirely 
misrepresented  in  the  works  on  natural  philosophy,  I  en- 
deavoured to  find  out  the  cause  of  this  misrepresentation. 
With  this  object  I  constructed  a  very  simple  instrument,  which 
enabled  me  to  observe  accurately  how  the  separation  of  water 
from  water  is  effected,  in  the  well-known  experiment  of  a 
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plate  suspended  from  a  scale-beam  over  a  vessel  of  water. 
The  use  of  this  new  instrument  convinced  me  immediately 
that  there  is  no  similitude  whatever  between  the  rupture  of  a 
solid  body  and  this  mode  of  separating  water  from  water.  I 
perceived  plainly  that  such  a  separation  was  the  final  result 
of  a  series  of  successive  transformations  undergone  by  that 
portion  of  the  liquid  which  is  lifted  up  during  the  ascension 
of  the  plate;  which  transformations  ultimately  reduce  the  thin- 
nest part  of  that  ascending  liquid  to  so  small  a  diameter,  that 
it  gives  way,  even  without  any  further  exterior  exertion.  The 
first  experimenters,  not  being  aware  of  this  mode  of  acting, 
considered  the  separation  of  water  from  water  as  if  it  were 
similar  to  the  rupture  of  a  solid  body;  they  made  their  calcu- 
lations accordingly,  and  so  doing,  reduced  to  the  lowest  pro- 
portions that  very  strong  molecular  attraction  which  fixed  my 
attention  in  Europe  and  Prof.  Henry's  in  America. 

The  learned  Professor  has  proved  the  magnitude  of  this 
molecular  attraction  by  observations  on  soap-bubbles.  I  fol- 
lowed quite  a  different  course,  and  arrived  at  more  extensive 
results. 

I  constantly  employed  liquids  placed  in  glass  tubes,  whose 
interior  diameter  measured  from  eight  to  ten  millimetres  (from 
three-tenths  to  four-tenths  of  an  English  inch).  In  similar 
circumstances,  two  distinct  molecular  forces  are  acting, — the 
attraction  of  water  for  water,  or  cohesion',  and  the  attraction 
of  water  for  glass,  or  adhesion.  In  my  experiments,  both  co- 
hesion and  adhesion  appeared  very  weak  when  the  liquid  was 
not  deprived  of  that  portion  of  air  which  it  usually  contains ; 
and,  on  the  contrary,  proved  very  powerful  when  air  was  ex- 
cluded. 

In  order  to  exhibit  this  power  of  attraction  in  airless  liquids*, 
I  have  made  use  of  two  different  disjunctive  forces;  that  of 
mechanical  traction  in  my  first  two  experiments,  and  that  of 
repulsive  caloric  in  the  other. 

My  first  experiment  was  made  on  sulphuric  acid  deprived 
of  air  by  means  of  a  very  powerful  air-pumpf.  In  that  case 
molecular  attraction  proved  to  be  superior  to  the  weight  of  a 
column  of  acid,  whose  height  was  1250  millimetres  (more  than 
4>  English  feet). 

*  By  airless  liquids,  I  mean  liquids  deprived  of  air  by  one  of  the  pecu- 
liar processes  described  in  my  memoir.  In  this  sense,  distilled  water,  al- 
though containing  less  air  than  common  water,  is  far  from  being  an  airless 
liquid. 

•f-  This  pump,  constructed  on  a  new  plan,  without  either  cock  or  valve, 
was  described  in  1841.  It  is  recorded  in  the  Rapport  du  Jury  et  Docu- 
ments de  r Exposition  de  l' 'Industrie  Beige  en  1841,  p.  161. 
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The  second  experiment  was  made  on  airless  water,  and  the 
molecular  force  exceeded  the  weight  of  one  atmosphere. 

The  third  experiment  proved  the  molecular  attraction  of 
airless  water  to  be  superior  to  the  weight  of  three  atmospheres, 
and  exhibited^ery  curious  phaenomena.  The  liquid  had  been 
placed  in  such  circumstances  as  to  be  free  from  any  pressure 
whatever;  its  temperature  was  carried  to  -f-  135°  Centigrade 
(about  +275  Fahr.) ;  and,  nevertheless,  it  did  not  exhibit  the 
least  symptom  of  ebullition,  but  by  still  increasing  heat,  a  part 
of  it  was  suddenly  vaporized  with  a  kind  of  explosion. 

A  fourth  experiment  was  tried  by  placing  distilled  water 
(not  deprived  of  air)  in  a  tube  similar  to  that  used  in  the  third 
experiment;  an  external  pressure  equal  to  three  atmospheres 
was  applied  to  the  liquid,  which  was  then  carried  to  the  above- 
mentioned  temperature  of  4-  135°  Centigrade:  a  calm,  ordi- 
nary ebullition  ensued,  without  any  symptom  of  explosion. 

In  a  fifth  experiment,  airless  water  was  placed  in  a  situation 
comparable  to  that  of  water  in  a  steam-boiler  working  under 
low  pressure.  Continually  increasing  heat  could  not  bring 
the  airless  liquid  to  ordinary  ebullition  ;  but  the  molecular  at- 
traction gave  way  from  time  to  time  by  distinct  explosions, 
becoming  successively  more  and  more  violent,  till  a  final  one, 
blowing  up  the  liquid  mass  and  fracturing  the  instrument,  put 
an  end  to  the  experiment. 

My  sixth  experiment  exhibited  the  molecular  force  in  a  still 
more  striking  form.  A  tube  quite  open  at  one  end,  half-filled 
with  airless  water,  was  heated  over  a  lamp :  no  ebullition  en- 
sued, but  a  violent  explosion  took  place,  the  water  being  at 
the  same  time  suddenly  projected  out  of  the  tube  and  con- 
verted into  a  cloud  of  vapour. 

After  a  complete  description  of  the  experiments,  a  new 
theory  of  the  ebullition  of  liquids  is  proposed  as  a  consequence 
of  the  above-mentioned  results,  and  of  some  peculiar  consi- 
derations fully  expounded  in  my  memoir,  and  whereof  it  will 
be  sufficient  to  mention  here  two  of  the  most  striking. 

1.  The  molecules  composing  the  surfaces  of  volatile  bodies 
are  very  much  inclined  to  assume  a  gaseous  form,  even  whilst 
the  internal  molecules  are  kept  together  by  a  strong  attrac- 
tion. 

2.  Ordinary  ebullition  does  not  take  place  at  once  in  the 
whole  mass  of  a  boiling  liquid,  the  ebullitive  motion  being  ge- 
nerated from  some  points  of  that  portion  of  the  boiler's  inter- 
nal surface  which  is  near  the  source  of  heat;  which  points 
evolve  a  succession  of  large  bubbles  of  vapour,  tumultuously 
ascending  through  the  liquid  to  its  uppermost  surface. 

According  to  this  new  theory,  ebullition  is  a  peculiar  kind 
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of  very  rapid  evaporation  generated  on  those  internal  liquid 

surfaces  which  surround  one  or  more  bubbles  of  a  gaseous  Jluid. 

I  am,  Gentlemen, 

Your  most  humble  Servant, 
Ghent,  March  2,  1846.  F.  DoNNY. 
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§26.  On  the  magnetization  of  light  and  the  illumination  of 
magnetic  lines  of  force f. 

Tf  i.  Action  of  magnets  on  light. 

2146.  Y  HAVE  long  held  an  opinion,  almost  amounting  to 
-*-  conviction,  in  common  I  believe  with  many  other 
lovers  of  natural  knowledge,  that  the  various  forms  under 
which  the  forces  of  matter  are  made  manifest  have  one  com- 
mon origin ;  or,  in  other  words,  are  so  directly  related  and 
mutually  dependent,  that  they  are  convertible,  as  it  were,  one 
into  another,  and  possess  equivalents  of  power  in  their  ac- 

*  From  the  Philosophical  Transactions  for  1846,  Part  I.,  having  been 
read  November  20,  1845. 

f  The  title  of  this  paper  has,  I  understand,  led  many  to  a  misapprehen- 
sion of  its  contents,  and  I  therefore  take  the  liberty  of  appending  this  ex- 
planatory note.  Neither  accepting  nor  rejecting  the  hypothesis  of  an 
aether,  or  the  corpuscular,  or  any  other  view  that  may  be  entertained  of  the 
nature  of  light;  and,  as  far  as  I  can  see,  nothing  being  really  known  of  a 
ray  of  light  more  than  of  a  line  of  magnetic  or  electric  force,  or  even  of  a 
line  of  gravitating  force,  except  as  it  and  they  are  manifest  in  and  by  sub- 
stances; I  believe  that,  in  the  experiments  I  describe  in  the  paper,  light  has 
been  magnetically  affected,  i.  e.  that  that  which  is  magnetic  in  the  forces 
of  matter  has  been  affected,  and  in  turn  has  affected  that  which  is  truly 
magnetic  in  the  force  of  light:  by  the  term  magnetic  I  include  here  either 
of  the  peculiar  exertions  of  the  power  of  a  magnet,  whether  it  be  that  which 
is  manifest  in  the  magnetic  or  the  diamagnetic  class  of  bodies.  The  phrase 
"  illumination  of  the  lines  of  magnetic  force  "  has  been  understood  to  imply 
that  I  had  rendered  them  luminous.  This  was  not  within  my  thought.  I 
intended  to  express  that  the  line  of  magnetic  force  was  illuminated  as  the 
earth  is  illuminated  by  the  sun,  or  the  spider's  web  illuminated  by  the 
astronomer's  lamp.  Employing  a  ray  of  light,  we  can  tell,  by  the  eye,  the 
direction  of  the  magnetic  lines  through  a  body;  and  by  the  alteration  of 
the  ray  and  its  optical  effect  on  the  eye,  can  see  the  course  of  the  lines  just 
as  we  can  see  the  course  of  a  thread  of  glass,  or  any  other  transparent 
substance,  rendered  visible  by  the  light :  and  this  was  what  I  meant  by  il- 
lumination, as  the  paper  fully  explains. — December  15,  1845     M.F. 
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tion  *.  In  modern  times  the  proofs  of  their  convertibility  have 
been  accumulated  to  a  very  considerable  extent,  and  a  com- 
mencement made  of  the  determination  of  their  equivalent 
forces.  Imml 

214-7.  This  strong  persuasion  extended  to  the  powers  of 
light,  and  led,  on  a  former  occasion,  to  many  exertions,  ha- 
ving for  their  object  the  discovery  of  the  direct  relation  of 
light  and  electricity,  and  their  mutual  action  in  bodies  subject 
jointly  to  their  power  f;  but  the  results  were  negative  and 
were  afterwards  confirmed,  in  that  respect,  by  WartmannJ. 

2148.  These  ineffectual  exertions,  and  many  others  which 
were  never  published,  could  not  remove  my  strong  persuasion 
derived  from  philosophical  considerations;  and,  therefore,  I 
recently  resumed  the  inquiry  by  experiment  in  a  most  strict 
and  searching  manner,  and  have  at  last  succeeded  in  magne- 
tizing and  electrifying  a  ray  of 'light ';  and  in  illuminating  a 
magnetic  line  of  force.  These  results,  without  entering  into 
the  detail  of  many  unproductive  experiments,  I  will  describe 
as  briefly  and  clearly  as  I  can. 

2149.  But  before  I  proceed  to  them,  I  will  define  the  mean- 
ing I  connect  with  certain  terms  which  I  shall  have  occasion  to 
use : — thus,  by  line  of  magnetic  force,  or  magnetic  line  of  force, 
or  magnetic  curve,  I  mean  that  exercise  of  magnetic  force  which 
is  exerted  in  the  lines  usually  called  magnetic  curves,  and 
which  equally  exist  as  passing  from  or  to  magnetic  poles,  or 
forming  concentric  circles  round  an  electric  current.  By  line 
of  electric  force,  I  mean  the  force  exerted  in  the  lines  joining 
two  bodies,  acting  on  each  other  according  to  the  principles 
of  static  electric  induction  (1161,  &c),  which  may  also  be 
either  in  curved  or  straight  lines.  By  a  diamagnetic,  I  mean 
a  body  through  which  lines  of  magnetic  force  are  passing,  and 
which  does  not  by  their  action  assume  the  usual  magnetic 
state  of  iron  or  loadstone. 

2150.  A  ray  of  light  issuing  from  an  Argand  lamp,  was  po- 
larized in  a  horizontal  plane  by  reflexion  from  a  surface  of 
glass,  and  the  polarized  ray  passed  through  a  Nichol's  eye- 
piece revolving  on  a  horizontal  axis,  so  as  to  be  easily  exa- 
mined by  the  latter.  Between  the  polarizing  mirror  and  the 
eye-piece,  two  powerful  electro-magnetic  poles  were  arranged, 
being  either  the  poles  of  a  horse-shoe  magnet,  or  the  contrary 
poles  of  two  cylinder  magnets ;  they  were  separated  from  each 
other  about  two  inches  in  the  direction  of  the  line  of  the  ray, 

*  Experimental  Researches,  57,  366,  376,  877,  961,  2071. 
f  Philosophical  Transactions,  1834.     Experimental  Researches,  951- 
955. 

\  Archives  de  FElectricite,  ii.  pp.  596-600. 
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and  so  placed,  that,  if  on  the  same  side  of  the  polarized  ray, 
it  might  pass  near  them ;  or,  if  on  contrary  sides,  it  might  go 
between  them,  its  direction  being  always  parallel,  or  nearly  so, 
to  the  magnetic  lines  of  force  (2149.).  After  that,  any  trans- 
parent substance  placed  between  the  two  poles,  would  have 
passing  through  it,  both  the  polarized  ray  and  the  magnetic 
lines  of  force  at  the  same  time  and  in  the  same  direction. 

2151.  Sixteen  years  ago  I  published  certain  experiments 
made  upon  optical  glass*,  and  described  the  formation  and 
general  characters  of  one  variety  of  heavy  glass,  which,  from 
its  materials,  was  called  silicated  borate  of  lead.  It  was  this 
glass  which  first  gave  me  the  discovery  of  the  relation  between 
light  and  magnetism,  and  it  has  power  to  illustrate  it  in  a 
degree  beyond  that  of  any  other  body ;  for  the  sake  of  per- 
spicuity 1  will  first  describe  the  phasnomena  as  presented  by 
this  substance. 

2152.  A  piece  of  this  glass,  about  two  inches  square  and 
0*5  of  an  inch  thick,  having  flat  and  polished  edges,  was  placed 
as  a  diamagnetic  (2149.)  between  the  poles  (not  as  yet  mag- 
netized by  the  electric  current),  so  that  the  polarized  ray 
should  pass  through  its  length ;  the  glass  acted  as  air,  water, 
or  any  other  indifferent  substance  would  do;  anGjifSthe  eye- 
piece were  previously  turned  into  such  a  position  that  the 
polarized  ray  was  extinguished,  or  rather  the  imagflyproduced 
by  it  rendered  invisible,  then  the  introduction  of  this  glass 
made  no  alteration  in  that  respect.  In  this  state  of  circum- 
stances the  force  of  the  electro-magnet  was  developed,  by 
sending  an  electric  current  through  its  coils,  and  immedi- 
ately the  image  of  the  lamp-flame  became  visible,  and  conti- 
nued so  as  long  as  the  arrangement  continued  magnetic.  On 
stopping  the  electric  current,  and  so  causing  the  magnetic 
force  to  cease,  the  light  instantly  disappeared ;  these  phasno- 
mena could  be  renewed  at  pleasure,  at  any  instant  of  time, 
and  upon  any  occasion,  showing  a  perfect  dependence  of 
cause  and  effect. 

2153.  The  voltaic  current  which  I  used  upon  this  occasion, 
was  that  of  five  pair  of  Grove's  construction,  and  the  electro- 
magnets were  of  such  power  that  the  poles  would  singly  sus- 
tain a  weight  of  from  twenty-eight  to  fifty-six,  or  more,  pounds. 

*  Philosophical  Transactions,  1830,  p.  1.  I  cannot  resist  the  occasion 
which  is  thus  offered  to  me  of  mentioning  the  name  of  Mr.  Anderson,  who 
came  to  me  as  an  assistant  in  the  glass  experiments,  and  has  remained  ever 
since  in  the  Laboratory  of  the  Royal  Institution.  He  has  assisted  me  in  all 
the  researches  into  which  I  have  entered  since  that  time,  and  to  his  care, 
steadiness,  exactitude,  and  faithfulness  in  the  performance  of  all  that  has 
been  committed  to  his  charge,  I  am  much  indebted. — M.  F. 
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A  person  looking  for  the  phenomenon  for  the  first  time  would 
not  be  able  to  seent  with  a  weak  magnet. 

21 54-.  The  character  of  the  force  thus  impressed  upon  the 
diamagnetic  is  that  of  rotation ;  for  when  the  image  of  the 
lamp-flame  has  thus  been  rendered  visible,  revolution  of  the 
eye-piece  to  the  right  or  left,  more  or  less,  will  cause  its  ex- 
tinction ;  and  the  further  motion  of  the  eye-piece  to  the  one 
side  or  other  of  this  position  will  produce  the  reappearance  of 
the  light,  and  that  with  complementary  tints,  according  as 
this  further  motion  is  to  the  right-  or  left-hand. 

2155.  When  the  pole  nearest  to  the  observer  was  a  marked 
pole,  i.  e.  the  same  as  the  north  end  of  a  magnetic  needle, 
and  the  further  pole  was  unmarked,  the  rotation  of  the  ray 
was  right-handed ;  for  the  eye-piece  had  to  be  turned  to  the 
right-hand,  or  clock  fashion,  to  overtake  the  ray  and  restore 
the  image  to  its  first  condition.  When  the  poles  were  re- 
versed, which  was  instantly  done  by  changing  the  direction  of 
the  electric  current,  the  rotation  was  changed  also  and  became 
left-handed,  the  alteration  being  to  an  equal  degree  in  extent 
as  before.  The  direction  was  always  the  same  for  the  same 
line  of  magnetic  force  (2149.). 

2156.  When  the  diamagnetic  was  placed  in  the  numerous 
other  positions,  which  can  easily  be  conceived,  about  the  mag- 
netic poles,  results  were  obtained  more  or  less  marked  in  ex- 
tent, and  very  definite  in  character,  but  of  which  the  phaeno- 
mena  just  described  may  be  considered  as  the  chief  example : 
they  will  be  referred  to,  as  far  as  is  necessary,  hereafter. 

2157.  The  same  phenomena  were  produced  in  the  silicated 
borate  of  lead  (2151.)  by  the  action  of  a  good  ordinary  steel 
horse-shoe  magnet,  no  electric  current  being  now  used.  The 
results  were  feeble,  but  still  sufficient  to  show  the  perfect 
identity  of  action  between  electro-magnets  and  common  mag- 
nets in  this  their  power  over  light. 

2158.  Two  magnetic  poles  were  employed  end-ways,  i.  e. 
the  cores  of  the  electro-magnets  were  hollow  iron  cylinders, 
and  the  ray  of  polarized  light  passed  along  their  axes  and 
through  the  diamagnetic  placed  between  them  :  the  effect  was 
the  same. 

2159.  One  magnetic  pole  only  was  used,  that  being  one  end 
of  a  powerful  cylinder  electro-magnet.  When  the  heavy  glass 
was  beyond  the  magnet,  being  close  to  it  but  between  the 
magnet  and  the  polarizing  reflector,  the  rotation  was  in  one 
direction,  dependent  on  the  nature  of  the  pole ;  when  the  dia- 
magnetic was  on  the  near  side,  being  close  to  it  but  between 
it  and  the  eye,  the  rotation  for  the  same  pole  was  in  the  con- 
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trary  direction  to  what  it  was  before ;  and  when  the  magnetic 

pole  was  changed,  both  these  directions  were  changed  with  it. 

When  the  heavy  glass  was  placed  in  a  corresponding  position 

to  the  pole,  but  above  or  below  it,  so  that  the  magnetic  curves 

were  no  longer  passing  through  the  glass  parallel  to  the  ray 

of  polarized  light,  but  rather  perpendicular  to  it,  then  no  effect 

was  produced.     These  particularities  may  be  understood  by 

reference  to  fig.  1,  where  a  and  b  represent  the  first  positions 

of  the  diamagnetic,  and  c  and  d  the 

latter  positions,  the  course  of  the 

ray  being  marked  by  the  dotted 

line.     If  also  the  glass  were  placed 

directly  at  the  end  of  the  magnet, 

then  no  effect  was  produced  on  a 

ray  passing  in   the  direction  here 

described,     though    it    is    evident, 

from  what  has   been  already  said 

(2155.),  that  a  ray  passing  parallel 

to  the  magnetic  lines  through  the 

glass  so  placed,  would  have  been  affected  by  it. 

2160.  Magnetic  lines,  then,  in  passing  through  silicated 
borate  of  lead,  and  a  great  number  of  other  substances  (21 73.), 
cause  these  bodies  to  act  upon  a  polarized  ray  of  light  when 
the  lines  are  parallel  to  the  ray,  or  in  proportion  as  they  are 
parallel  to  it:  if  they  are  perpendicular  to  the  ray,  they  have 
no  action  upon  it.  They  give  the  diamagnetic  the  power  of 
rotating  the  ray;  and  the  law  of  this  action  on  light  is,  that  if 
a  magnetic  line  of  force  be  going  from  a  north  pole,  or  coming 
from  a  south  pole,  along  the  path  of  a  polarized  ray  coming 
to  the  observer,  it  will  rotate  that  ray  to  the  right-hand;  or, 
that  if  such  a  line  of  force  be  coming  from  a  north  pole,  or 
going  from  a  south  pole,  it  will  rotate  such  a  ray  to  the  left- 
hand. 

2161.  If  a  cork  or  a  cylinder  of  glass,  representing  the  dia- 
magnetic, be  marked  at  its  ends  with  the  letters  N  and  S,  to 
represent  the  poles  of  a  magnet,  the  line 
joining  these  letters  may  be  considered  as  a 
magnetic  line  of  force;  and  further,  if  a  line 
be  traced  round  the  cylinder  with  arrow 
heads  on  it  to  represent  direction,  as  in  the 
figure,  such  a  simple  model,  held  up  before 
the  eye,  will  express  the  whole  of  the  law, 
and  give  every  position  and  consequence  of 
direction  resulting  from  it.  If  a  watch  be  considered  as  the 
diamagnetic,  the  north   pole  of  a  magnet  being  imagined 
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against  the  face,  and  a  south  pole  against  the  back,  then  the 
motion  of  the  hands  will  indicate  the  direction  of  rotation 
which  a  ray  of  light  undergoes  by  magnetization. 

2162.  I  will  now  proceed  to  the  different  circumstances 
which  affect,  limit,  and  define  the  extent  and  nature  of  this 
new  power  of  action  on  light. 

2163.  In  the  first  place,  the  rotation  appears  to  be  in  pro- 
portion to  the  extent  of  the  diamagnetic  through  which  the 
ray  and  the  magnetic  lines  pass.  I  preserved  the  strength  of 
the  magnet  and  the  interval  between  its  poles  constant,  and 
then  interposed  different  pieces  of  the  same  heavy  glass  (2151.) 
between  the  poles.  The  greater  the  extent  of  the  diamag- 
netic in  the  line  of  the  ray,  whether  in  one,  two,  or  three 
pieces,  the  greater  was  the  rotation  of  the  ray ;  and,  as  far  as 
I  could  judge  by  these  first  experiments,  the  amount  of  rota- 
tion was  exactly  proportionate  to  the  extent  of  diamagnetic 
through  which  the  ray  passed.  No  addition  or  diminution  of 
the  heavy  glass  on  the  side  of  the  course  of  the  ray  made  any 
difference  in  the  effect  of  that  part  through  which  the  ray 
passed. 

21 64.  The  power  of  rotating  the  ray  of  light  increased  with 
the  intensity  of  the  magnetic  lines  of  force.  This  general 
effect  is  very  easily  ascertained  by  the  use  of  electro-magnets; 
and  within  such  range  of  power  as  I  have  employed,  it  ap- 
pears to  be  directly  proportionate  to  the  intensity  of  the  mag- 
netic force. 

2165.  Other  bodies,  besides  the  heavy  glass,  possess  the 
same  power  of  becoming,  under  the  influence  of  magnetic 
force,  active  on  light  (2173.).  When  these  bodies  possess  a 
rotative  power  of  their  own,  as  is  the  case  with  oil  of  turpen- 
tine, sugar,  tartaric  acid,  tartrates,  &c,  the  effect  of  the  mag- 
netic force  is  to  add  to,  or  subtract  from,  their  specific  force, 
according  as  the  natural  rotation  and  that  induced  by  the 
magnetism  is  right-  or  left-handed  (2231.). 

2166.  I  could  not,  perceive  that  this  power  was  affected  by 
any  degree  of  motion  which  I  was  able  to  communicate  to  the 
diamagnetic,  whilst  jointly  subject  to  the  action  of  the  mag- 
netism and  the  light. 

2167.  The  interposition  of  copper,  lead,  tin,  silver,  and 
other  ordinary  non-magnetic  bodies  in  the  course  of  the  mag- 
netic curves,  either  between  the  pole  and  the  diamagnetic,  or 
in  other  positions,  produced  no  effect  either  in  kind  or  degree 
upon  the  phaenomena. 

2168.  Iron  frequently  affected  the  results  in  a  very  consi- 
derable degree ;  but  it  always  appeared  to  be,  either  by  alter- 
ing the  direction  of  the  magnetic  lines,  or  disposing  within 
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itself  of  their  force.  Thus,  when  the  two  contrary  poles  were 
on  one  side  of  the  polarized  ray  (2150.),  and  the  heavy  glass 
in  its  best  position  between  them  and  in  the  ray  (2152.),  the 
bringing  of  a  large  piece  of  iron  near  to  the  glass  on  the  other 
side  of  the  ray,  caused  the  power  of  the  diamagnetic  to  fall. 
This  was  because  certain  lines  of  magnetic  force,  which  at  first 
passed  through  the  glass  parallel  to  the  ray,  now  crossed  the 
glass  and  the  ray ;  the  iron  giving  two  contrary  poles  oppo- 
site the  poles  of  the  magnet,  and  thus  determining  a  new 
course  for  a  certain  portion  of  the  magnetic  power,  and  that 
across  the  polarized  ray. 

2169.  Or,  if  the  iron,  instead  of  being  applied  on  the  oppo- 
site side  of  the  glass,  were  applied  on  the  same  side  with  the 
magnet,  either  near  it  or  in  contact  with  it,  then,  again,  the 
power  of  the  diamagnetic  fell,  simply  because  the  power  of 
the  magnet  was  diverted  from  it  into  a  new  direction.  These 
effects  depend  much  of  course  on  the  intensity  and  power  of 
the  magnet,  and  on  the  size  and  softness  of  the  iron. 

2170.  The  electro-helices  (2190.)  without  the  iron  cores 
were  very  feeble  in  power,  and  indeed  hardly  sensible  in  their 
effect.  With  the  iron  cores  they  were  powerful,  though  no 
more  electricity  was  then  passing  through  the  coils  than  be- 
fore (1071.).  This  shows,  in  a  very  simple  manner,  that  the 
phsenomena  exhibited  by  light  under  these  circumstances,  is 
directly  connected  with  the  magnetic  form  of  force  supplied 
by  the  arrangement.  Another  effect  which  occurred  illus- 
trated the  same  point.  When  the  contact  at  the  voltaic  bat- 
tery is  made,  and  the  current  sent  round  the  electro-magnet, 
the  image  produced  by  the  rotation  of  the  polarized  ray  does 
not  rise  up  to  its  full  lustre  immediately,  but  increases  for  a 
couple  of  seconds,  gradually  acquiring  its  greatest  intensity; 
on  breaking  the  contact,  it  sinks  instantly  and  disappears  ap- 
parently at  once.  The  gradual  rise  in  brightness  is  due  to 
the  time  which  the  iron  core  of  the  magnet  requires  to  evolve 
all  that  magnetic  power  which  the  electric  current  can  deve- 
lope  in  it;  and  as  the  magnetism  rises  in  intensity,  so  does  its 
effect  on  the  light  increase  in  power;  hence  the  progressive 
condition  of  the  rotation. 

2171.  I  cannot  as  yet  find  that  the  heavy  glass  (2151.), 
when  in  this  state,  i.  e.  with  magnetic  lines  of  force  passing 
through  it,  exhibits  any  increased  degree,  or  has  any  specific 
magneto-inductive  action  of  the  recognized  kind.  I  have 
placed  it  in  large  quantities,  and  in  different  positions,  between 
magnets  and  magnetic  needles,  having  at  the  time  very  deli- 
cate means  of  appreciating  any  difference  between  it  and  air, 
but  could  find  none. 
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2172.  Using  water,  alcohol,  mercury,  and  other  fluids  con- 
tained in  very  large  delicate  thermometer-shaped  vessels,  I 
could  not  discover  that  any  difference  in  volume  occurred 
when  the  magnetic  curves  passed  through  them. 


2173.  It  is  time  that  I  should  pass  to  a  consideration  of 
this  power  of  magnetism  over  light  as  exercised,  not  only  in 
the  silicated  borate  of  lead  (2151.),  but  in  many  other  sub- 
stances ;  and  here  we  perceive,  in  the  first  place,  that  if  all 
transparent  bodies  possess  the  power  of  exhibiting  the  action, 
they  have  it  in  very  different  degrees,  and  that  up  to  this  time 
there  are  some  that  have  not  shown  it  at  all. 

2174.  Next,  we  may  observe,  that  bodies  that  are  exceed- 
ingly different  to  each  other  in  chemical,  physical,  and  me- 
chanical properties,  develope  this  effect;  for  solids  and  liquids, 
acids,  alkalies,  oils,  water,  alcohol,  aether,  all  possess  the  power. 

2175.  And  lastly,  we  may  observe,  that  in  all  of  them, 
though  the  degree  of  action  may  differ,  still  it  is  always  the 
same  in  kind,  being  a  rotative  power  over  the  ray  of  light ;  and 
further,  the  direction  of  the  rotation  is,  in  every  case,  inde- 
pendent of  the  nature  or  state  of  the  substance,  and  dependent 
upon  the  direction  of  the  magnetic  line  of  force,  according  to 
the  law  before  laid  down  (2160.). 

2176.  Amongst  the  substances  in  which  this  power  of  action 
is  found,  I  have  already  distinguished  the  silico-borate  of  Lead 
(2151.)  as  eminently  fitted  for  the  purpose  of  exhibiting  the 
phaenomena.  I  regret  that  it  should  be  the  best,  since  it  is 
not  likely  to  be  in  the  possession  of  many,  and  few  will  be  in- 
duced to  take  the  trouble  of  preparing  it.  If  made,  it  should 
be  well-annealed,  for  otherwise  the  pieces  will  have  consider- 
able power  of  depolarizing  light,  and  then  the  particular  phae- 
nomena under  consideration  are  much  less  strikingly  observed. 
The  borate  of  lead,  however,  is  a  substance  much  more  fusi- 
ble, softening  at  the  heat  of  boiling  oil,  and  therefore  far 
more  easily  prepared  in  the  form  of  glass  plates  and  annealed; 
and  it  possesses  as  much  magneto-rotative  power  over  light 
as  the  silico-borate  itself.  Flint-glass  exhibits  the  property, 
but  in  a  less  degree  than  the  substances  above.  Crown-glass 
shows  it,  but  in  a  still  smaller  degree. 

2177.  Whilst  employing  crystalline  bodies  as  diamagnetics, 
I  generally  gave  them  that  position  in  which  they  did  not 
affect  the  polarized  ray,  and  then  induced  the  magnetic  curves 
through  them.  As  a  class,  they  seemed  to  resist  the  assump- 
tion of  the  rotating  state.  Rock-salt  and  fluor-spar  gave  evi- 
dence of  the  power  in  a  slight  degree  ;  and  I  think  that  a  cry- 
stal of  alum  did  the  same,  but  its  ray  length  in  the  transparent 
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part  was  so  small  that  I  could  not  ascertain  the  fact  decisively. 
Two  specimens  of  transparent  fluor,  lent  me  by  Mr.  Tennant, 
gave  the  effect. 

2178.  Rock-crystal,  four  inches  across,  gave  no  indications 
of  action  on  the  ray,  neither  did  smaller  crystals,  nor  cubes 
about  three-fourths  of  an  inch  in  the  side,  which  were  so  cut 
as  to  have  two  of  their  faces  perpendicular  to  the  axis  of  the 
crystal  (1692,  1693.),  though  they  were  examined  in  every 
direction. 

2179.  Iceland  spar  exhibited  no  signs  of  effect,  either  in 
the  form  of  rhomboids,  or  of  cubes  like  those  just  described 
(1695.). 

2180.  Sulphate  of  baryta,  sulphate  of  lime,  and  carbonate  of 
soda,  were  also  without  action  on  the  light. 

2181.  A  piece  of  fine  clear  ice  gave  me  no  effect.  I  can- 
not however  say  there  is  none,  for  the  effect  of  water  in  the 
same  mass  would  be  very  small,  and  the  irregularity  of  the 
flattened  surface  from  the  fusion  of  the  ice  and  flow  of  water, 
made  the  observation  very  difficult. 

2182.  With  some  degree  of  curiosity  and  hope,  I  put  gold- 
leaf  into  the  magnetic  lines,  but  could  perceive  no  effect. 
Considering  the  extremely  small  dimensions  of  the  length  of 
the  path  of  the  polarized  ray  in  it,  any  positive  result  was 
hardly  to  be  expected. 

2183.  In  experiments  with  liquids,  a  very  good  method  of 
observing  the  effect,  is  to  inclose  them  in  bottles  from  1^  to 
3  or  4  inches  in  diameter,  placing  these  in  succession  between 
the  magnetic  poles  (2150.),  and  bringing  the  analysing  eye- 
piece so  near  to  the  bottle,  that,  by  adjustment  of  the  latter, 
its  cylindrical  form  may  cause  a  diffuse  but  useful  image  of  the 
lamp-flame  to  be  seen  through  it:  the  light  of  this  image  is 
easily  distinguished  from  that  which  passes  by  irregular  re- 
fraction through  the  striae  and  deformations  of  the  glass,  and 
the  phaenomena  being  looked  for  in  this  light  are  easily  seen. 

2184.  Water,  alcohol,  and  aether,  all  show  the  effect;  water 
most,  alcohol  less,  and  aether  the  least.  All  the  fixed  oils 
which  I  have  tried,  including  almond,  castor,  olive,  poppy, 
linseed,  sperm,  elaine  from  hog's  lard,  and  distilled  resin  oil, 
produce  it.  The  essential  oils  of  turpentine,  bitter  almonds, 
spike  lavender, lavender,  jessamine,  cloves,  and  laurel,  produce 
it.  Also  naphtha  of  various  kinds,  melted  spermaceti,  fused 
sulphur,  chloride  of  sulphur,  chloride  of  arsenic,  and  every 
other  liquid  substance  which  I  had  at  hand  and  could  submit 
in  sufficient  bulk  to  experiment. 

2185.  Of  aqueous  solutions  I  tried  150  or  more,  including 
the  soluble  acids,  alkalies  and  salts,  with  sugar,  gum,  &c,  the 
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list  of  which  would  be  too  long  to  give  here,  since  the  great 
conclusion  was,  that  the  exceeding  diversity  of  substance 
caused  no  exception  to  the  general  result,  for  all  the  bodies 
showed  the  property.  It  is  indeed  more  than  probable,  that 
in  all  these  cases  the  water  and  not  the  other  substance 
present  was  the  ruling  matter.  The  same  general  result  was 
obtained  with  alcoholic  solutions. 

2186.  Proceeding  from  liquids  to  air  and  gaseous  bodies, 
I  have  here  to  state  that,  as  yet,  I  have  not  been  able  to  de- 
tect the  exercise  of  this  power  in  any  one  of  the  substances  in 
this  class.  I  have  tried  the  experiment  with  bottles  4  inches 
in  diameter,  and  the  following  gases:  oxygen,  nitrogen, 
hydrogen,  nitrous  oxide,  defiant  gas,  sulphurous  acid,  mu- 
riatic acid,  carbonic  acid,  carbonic  oxide,  ammonia,  sulphu- 
retted hydrogen,  and  bromine  vapour,  at  ordinary  tempe- 
ratures; but  they  all  gave  negative  results.  With  air,  the 
trial  has  been  carried,  by  another  form  of  apparatus,  to  a 
much  higher  degree,  but  still  ineffectually  (2212.). 

2187.  Before  dismissing  the  consideration  of  the  substances 
which  exhibited  this  power,  and  in  reference  to  those  in  which 
it  was  superinduced  upon  bodies  possessing,  naturally,  rota- 
tive force  (2165.  2231.),  I  may  record,  that  the  following  are 
the  substances  submitted  to  experiment:  castor  oil,  resin  oil, 
oil  of  spike  lavender,  of  laorel,  Canada  balsam,  alcoholic  solu- 
tion of  camphor,  alcoholic  solution  of  camphor  and  corrosive 
sublimate,  aqueous  solutions  of  sugar,  tartaric  acid,  tartrate 
of  soda,  tartrate  of  potassa  and  antimony,  tartaric  and  boracic 
acid,  and  sulphate  of  nickel,  which  rotated  to  the  right-hand; 
copaiba  balsam,  which  rotated  the  ray  to  the  left-hand ;  and 
two  specimens  of  camphine  or  oil  of  turpentine,  in  one  of  which 
the  rotation  was  to  the  right-hand,  and  in  the  other  to  the  left. 
In  all  these  cases,  as  already  said  (2165.),  the  superinduced 
magnetic  rotation  was  according  to  the  general  law  (2160.), 
and  without  reference  to  the  previous  power  of  the  body. 

2188.  Camphor  being  melted  in  a  tube  about  an  inch  in 
diameter,  exhibited  high  natural  rotative  force,  but  I  could 
not  discover  that  the  magnetic  curves  induced  additional  force 
in  it.  It  may  be,  however,  that  the  shortness  of  the  ray  length 
and  the  quantity  of  coloured  light  left,  even  when  the  eye- 
piece was  adjusted  to  the  most  favourable  position  for  dark- 
ening the  image  produced  by  the  naturally  rotated  ray,  ren- 
dered the  small  magneto-power  of  the  camphor  insensible. 

^[  ii.  Action  of  electric  currents  on  light. 

2189.  From  a  consideration  of  the  nature  and  position  of 
the  lines  of  magnetic  and  electric  force,  and  the  relation  of  a 
magnet  to  a  current  of  electricity,  it  appeared  almost  certain 
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that  an  electric  current  would  give  the  same  result  of  action 
on  light  as  a  magnet;  and*  in  the  helix,  would  supply  a  form 
of  apparatus  in  which  great  lengths  of  diamagnetics,  and 
especially  of  such  bodies  as  appeared  to  be  but  little  affected 
between  the  poles  of  the  magnet,  might  be  submitted  to  exa- 
mination and  their  effect  exalted:  this  expectation  was,  by 
experiment,  realized. 

2190.  Helices  of  copper  wire  were  employed,  three  of  which 
I  will  refer  to.  The  first,  or  long  helix,  was  0'4<  of  an  inch 
internal  diameter ;  the  wire  was  0'03  of  an  inch  in  diameter, 
and  having  gone  round  the  axis  from  one  end  of  the  helix  to 
the  other,  then  returned  in  the  same  manner,  forming  a  coil 
sixty-five  inches  long,  double  in  its  whole  extent,  and  con- 
taining 1240  feet  of  wire. 

2191.  The  second,  or  medium  helix,  is  nineteen  inches  long, 
1*87  inch  internal  diameter,  and  three  inches  external  dia- 
meter. The  wire  is  02  of  an  inch  in  diameter,  and  eighty  feet 
in  length,  being  disposed  in  the  coil  as  two  concentric  spirals. 
The  electric  current,  in  passing  through  it,  is  not  divided,  but 
traverses  the  whole  length  of  the  wire. 

2192.  The  third,  or  Woolwich  helix,  was  made  under  my 
instruction  for  the  use  of  Lieut.-Colonel  Sabine's  establish- 
ment at  Woolwich.  It  is  26*5  inches  long,  2'5  inches  inter- 
nal diameter,  and  4*7.5  inches  external  diameter.  The  wire 
is  0*17  of  an  inch  in  diameter,  and  501  feet  in  length;  It  is 
disposed  in  the  coil  in  four  concentric  spirals  connected  end 
to  end,  so  that  the  whole  of  the  electric  current  employed 
passes  through  all  the  wire. 

2193.  The  long  helix  (2190.)  acted  very  feebly  on  a  mag- 
netic needle  placed  at  a  little  distance  from  it;  the  medium 
helix  (2191.)  acted  more  powerfully,  and  the  Woolwich  helix 
(2192.)  very  strongly ;  the  same  battery  of  ten  pairs  of  Grove's 
plate  being  employed  in  all  cases. 

2194.  Solid  bodies  were  easily  subjected  to  the  action  of 
these  electro-helices,  being  for  that  purpose  merely  cut  into 
the  form  of  bars  or  prisms  with  flat  and  polished  ends,  and 
then  introduced  as  cores  into  the  helices.  For  the  purpose 
of  submitting  liquid  bodies  to  the  same  action,  tubes  of  glass 
were  provided,  furnished  at  the  ends  with  caps;  the  cylindri- 
cal part  of  the  cap  was  brass,  and  had  a  tubular  aperture  for 
the  introduction  of  the  liquids,  but  the  end  was  a  flat  glass 
plate.  When  the  tube  was  intended  to  contain  aqueous  fluids, 
the  plates  were  attached  to  the  caps,  and  the  caps  to  the  tube 
by  Canada  balsam ;  when  the  tube  had  to  contain  alcohol, 
aether  or  essential  oils,  a  thick  mixture  of  powdered  gum  with 
a  little  water  was  employed  as  the  cement. 

2195.  The  general  effect  produced  by  this  form  of  appa- 
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ratus  may  be  stated  as  follows: — The  tube  within  the  long  helix 
(2190.)  was  filled  with  distilled  water  and  placed  in  the  line 
of  the  polarized  ray,  so  that  by  examination  through  the  eye- 
piece (2150.),  the  image  of  the  lamp-flame  produced  by  the 
ray  could  be  seen  through  it.  Then  the  eye-piece  was  turned 
until  the  image  of  the  flame  disappeared,  and,  afterwards,  the 
current  often  pairs  of  plates  sent  through  the  helix;  instantly 
the  image  of  the  flame  reappeared,  and  continued  as  long  as 
the  electric  current  was  passing  through  the  helix ;  on  stop- 
ping the  current  the  image  disappeared.  The  light  did  not 
rise  up  gradually,  as  in  the  case  of  electro- magnets  (2170.), 
but  instantly.  These  results  could  be  produced  at  pleasure. 
In  this  experiment  we  may,  I  think,  justly  say  that  a  ray  of 
light  is  electrified  and  the  electric  forces  illuminated. 

2196.  The  phaenomena  may  be  made  more  striking,  by  the 
adjustment  of  a  lens  of  long  focus  between  the  tube  and  the 
polarizing  mirror,  or  one  of  short  focus  between  the  tube  and 
the  eye;  and  where  the  helix,  or  the  battery,  or  the  substance 
experimented  with,  is  feeble  in  power,  such  means  offer  assist- 
ance in  working  out  the  effects :  but,  after  a  little  experience, 
they  are  easily  dispensed  with,  and  are  only  useful  as  accesso- 
ries in  doubtful  cases. 

2197-  In  cases  where  the  effect  is  feeble,  it  is  more  easily 
perceived  if  the  Nichol  eye-piece  be  adjusted,  not  to  the  per- 
fect extinction  of  the  ray,  but  a  little  short  of  or  beyond  that 
position  ;  so  that  the  image  of  the  flame  may  be  but  just  visible. 
Then,  on  the  exertion  of  the  power  of  the  electric  current,  the 
light  is  either  increased  in  intensity,  or  else  diminished,  or 
extinguished,  or  even  re-illuminated  on  the  other  side  of  the 
dark  condition ;  and  this  change  is  more  easily  perceived  than 
if  the  eye  began  to  observe  from  a  state  of  utter  darkness. 
Such  a  mode  of  observing  also  assists  in  demonstrating  the 
rotatory  character  of  the  action  on  light;  for,  if  the  light  be 
made  visible  beforehand  by  the  motion  of  the  eye-piece  in  one 
direction,  and  the  power  of  the  current  be  to  increase  that 
light,  an  instant  only  suffices,  after  stopping  the  current,  to 
move  the  eye-piece  in  the  other  direction  until  the  light  is  ap- 
parent as  at  first,  and  then  the  power  of  the  current  will  be  to 
diminish  it;  the  tints  of  the  lights  being  affected  also  at  the 
same  time. 

2198.  When  the  current  was  sent  round  the  helix  in  one 
direction,  the  rotation  induced  upon  the  ray  of  light  was  one 
way ;  and  when  the  current  was  changed  to  the  contrary  di- 
rection, the  rotation  was  the  other  way.  In  order  to  express 
the  direction,  I  will  assume,  as  is  usually  done,  that  the  cur- 
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rent  passes  from  the  zinc  through  the  acid  to  the  platinum  in 
the  same  cell  (663.  667.  1627.) :  if  such  a  current  pass  under 
the  ray  towards  the  right,  upwards  on  its  right  side,  and  over 
the  ray  towards  the  left,  it  will  give  left-handed  rotation  to  it; 
or,  if  the  current  pass  over  the  ray  to  the  right,  down  on  the 
right  side,  and  under  it  towards  the  left,  it  will  induce  it  to 
rotate  to  the  right-hand. 

2199.  The  law,  therefore,  by  which  an  electric  current 
acts  on  a  ray  of  light  is  easily  expressed.  When  an  electric 
current  passes  round  a  ray  of  polarized  light  in  a  plane  per- 
pendicular to  the  ray,  it  causes  the  ray  to  revolve  on  its  axis, 
as  long  as  it  is  under  the  influence  of  the  current,  in  the  same 
direction  as  that  in  which  the  current  is  passing. 

2200.  The  simplicity  of  this  law,  and  its  identity  with  that 
given  before,  as  expressing  the  action  of  magnetism  on  light 
(2160.),  is  very  beautiful.  A  model  is  not  wanted  to  assist  the 
memory;  but  if  that  already  described  (2161.)  be  looked  at, 
the  line  round  it  will  express  at  the  same  time  the  direction 
both  of  the  current  and  the  rotation.  It  will  indeed  do  much 
more ;  for  if  the  cylinder  be  considered  as  a  piece  of  iron,  and 
not  a  piece  of  glass  or  other  diamagnetic,  placed  between  the 
two  poles  N  and  S,  then  the  line  round  it  will  represent  the 
direction  of  the  currents,  which,  according  to  Ampere's  theory, 
are  moving  round  its  particles ;  or  if  it  be  considered  as  a  core 
of  iron  (in  place  of  a  core  of  water),  having  an  electric  current 
running  round  it  in  the  direction  of  the  line,  it  will  also  re- 
present such  a  magnet  as  would  be  formed  if  it  were  placed 
between  the  poles  whose  marks  are  affixed  to  its  ends. 

2201.  I  will  now  notice  certain  points  respecting  the  de- 
gree of  this  action  under  different  circumstances.  By  using 
a  tube  of  water  (2194.)  as  long  as  the  helix,  but  placing  it  so 
that  more  or  less  of  the  tube  projected  at  either  end  of  the 
helix,  I  was  able,  in  some  degree,  to  ascertain  the  effect  of 
length  of  the  diamagnetic,  the  force  of  the  helix  and  current 
remaining  the  same.  The  greater  the  column  of  water  sub- 
jected to  the  action  of  the  helix,  the  greater  was  the  rotation 
of  the  polarized  ray ;  and  the  amount  of  rotation  seemed  to  be 
directly  proportionate  to  the  length  of  fluid  round  which  the 
electric  current  passed. 

2202.  A  short  tube  of  water,  or  a  piece  of  heavy  glass, 
being  placed  in  the  axis  of  the  Woolwich  helix  (2192.),  seemed 
to  produce  equal  effect  on  the  ray  of  light,  whether  it  were  in 
the  middle  of  the  helix  or  at  either  end ;  provided  it  was 
always  within  the  helix  and  in  the  line  of  the  axis.  From  this 
it  would  appear  that  every  part  of  the  helix  has  the  same  effect ; 
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and,  that  by  using  long  helices,  substances  may  be  submitted 
to  this  kind  of  examination  which  could  not  be  placed  in  suf- 
ficient length  between  the  poles  of  magnets  (2150.). 

2203.  A  tube  of  water  as  long  as  the  Woolwich  helix 
(21.92.),  but  only  0'4  of  an  inch  in  diameter,  was  placed  in 
the  helix  parallel  to  the  axis,  but  sometimes  in  the  axis  and 
sometimes  near  the  side.  No  apparent  difference  was  pro- 
duced in  these  different  situations ;  and  I  am  inclined  to  be- 
lieve (without  being  quite  sure)  that  the  action  on  the  ray  is 
the  same,  wherever  the  tube  is  placed,  within  the  helix,  in  re- 
lation to  the  axis.  The  same  result  was  obtained  when  a 
larger  tube  of  water  was  looked  through,  whether  the  ray 
passed  through  the  axis  of  the  helix  and  tube,  or  near  the 
side. 

2204.  If  bodies  be  introduced  into  the  helix  possessing, 
naturally,  rotating  force,  then  the  rotating  power  given  by  the 
electric  current  is  superinduced  upon  them,  exactly  as  in  the 
cases  already  described  of  magnetic  action  (2165.  21S7.)« 

2205.  A  helix,  twenty  inches  long  and  0'3  of  an  inch  in 
diameter,  was  made  of  uncovered  copper  wire,  0*05  of  an  inch 
in  diameter,  in  close  spirals.  This  was  placed  in  a  large  tube 
of  water,  so  that  the  fluid,  both  in  the  inside  and  at  the  out- 
side of  the  helix,  could  be  examined  by  the  polarized  ray. 
When  the  current  was  sent  through  the  helix,  the  water  within 
it  received  rotating  power ;  but  no  trace  of  such  an  action  on 
the  light  was  seen  on  the  outside  of  the  helix,  even  in  the  line 
most  close  to  the  uncovered  wire. 

2206.  The  water  was  inclosed  in  brass  and  copper  tubes, 
but  this  alteration  caused  not  the  slightest  change  in  the 
effect. 

2207.  The  water  in  the  brass  tube  was  put  into  an  iron 
tube,  much  longer  than  either  the  Woolwich  helix  or  the 
brass  tube,  and  quite  one-eighth  of  an  inch  thick  in  the  side ; 
yet  when  placed  in  the  Woolwich  helix  (2192.),  the  water 
rotated  the  ray  of  light  apparently  as  well  as  before. 

2208.  An  iron  bar,  one  inch  square  and  longer  than  the 
helix,  was  put  into  the  helix,  and  the  small  water-tube  (2203.) 
upon  it.  The  water  exerted  as  much  action  on  the  light  as 
before. 

2209.  Three  iron  tubes,  each  twenty-seven  inches  long  and 
one-eighth  of  an  inch  in  thickness  in  the  side,  were  selected 
of  such  diameters  as  to  pass  easily  one  into  the  other,  and  the 
whole  into  the  Woolwich  helix  (2192.).  The  smaller  one  was 
supplied  with  glass  ends  and  filled  with  water;  and  being 
placed  in  the  axis  of  the  Woolwich  helix,  had  a  certain 
amount  of  rotating  power  over   the   polarized    ray.      The 
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second  tube  was  then  placed  over  this,  so  that  there  was  now 
a  thickness  of  iron  equal  to  two-eighths  of  an  inch  between 
the  water  and  the  helix;  the  water  had  more  power  of  rota- 
tion than  before.  On  placing  the  third  tube  of  iron  over  the 
two  former,  the  power  of  the  water  fell,  but  was  still  very  con- 
siderable. These  results  are  complicated,  being  dependent 
on  the  new  condition  which  the  character  of  iron  gives  to  its 
action  on  the  forces.  Up  to  a  certain  amount,  by  increasing 
the  development  of  magnetic  forces,  the  helix  and  core,  as  a 
whole,  produce  increased  action  on  the  water;  but  on  the  ad- 
dition of  more  iron  and  the  disposal  of  the  forces  through  it, 
their  action  is  removed  in  part  from  the  water  and  the  rotation 
is  lessened. 

2210.  Pieces  of  heavy  glass  (2151.),  placed  in  iron  tubes  in 
the  helices,  produced  similar  effects. 

2211.  The  bodies  which  were  submitted  to  the  action  of 
an  electric  current  in  a  helix,  in  the  manner  already  described, 
were  as  follows: — Heavy  glass  (2151.  2176.),  water,  solution 
of  sulphate  of  soda,  solution  of  tartaric  acid,  alcohol,  aether, 
and  oil  of  turpentine;  all  of  which  were  affected,  and  acted  on 
light  exactly  in  the  manner  described  in  relation  to  magnetic 
action  (2173.). 

2212.  I  submitted  air  to  the  influence  of  these  helices  care- 
fully and  anxiously,  but  could  not  discover  any  trace  of  action 
on  the  polarized  ray  of  light.  I  put  the  long  helix  (2190.) 
into  the  other  two  (2191.  2192.),  and  combined  them  all  into 
one  consistent  series,  so  as  to  accumulate  power,  but  could 
not  observe  any  effect  of  them  on  light  passing  through  air. 

2213.  In  the  use  of  helices,  it  is  necessary  to  be  aware  of 
one  effect,  which  might  otherwise  cause  confusion  and  trouble. 
At  first,  the  wire  of  the  long  helix  (2190.)  was  wound  directly 
upon  the  thin  glass  tube  which  served  to  contain  the  fluid. 
When  the  electric  current  passed  through  the  helix  it  raised 
the  temperature  of  the  metal,  and  that  gradually  raised  the 
temperature  of  the  glass  and  the  film  of  water  in  contact  with 
it,  and  so  the  cylinder  of  water,  warmer  at  its  surface  than  its 
axis,  acted  as  a  lens,  gathering  and  sending  rays  of  light  to 
the  eye,  and  continuing  to  act  for  a  time  after  the  current  was 
stopped.  By  separating  the  tube  of  water  from  the  helix,  and 
by  other  precautions,  this  source  of  confusion  is  easily  avoided. 

2214.  Another  point  of  which  the  experimenter  should  be 
aware,  is  the  difficult}',  and  almost  impossibility,  of  obtaining 
a  piece  of  glass  which,  especially  after  it  is  cut,  does  not  de- 
polarize light.  When  it  does  depolarize,  difference  of  posi- 
tion makes  an  immense  difference  in  the  appearance.  By  al- 
ways referring  to  the  parts  that  do  not  depolarize,  as  the  black 
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cross,  for  instance,  and  by  bringing  the  eye  as  near  as  may 
be  to  the  glass,  this  difficulty  is  more  or  less  overcome. 

2215.  For  the  sake  of  supplying  a  general  indication  of  the 
amount  of  this  induced  rotating  force  in  two  or  three  bodies, 
and  without  any  pretence  of  offering  correct  numbers,  I  will 
give,  generally,  the  result  of  a  few  attempts  to  measure  the 
force,  and  compare  it  with  the  natural  power  of  a  specimen  of 
oil  of  turpentine.  A  very  powerful  electro-magnet  was  em- 
ployed, with  a  constant  distance  between  its  poles  of  2\  inches. 
In  this  space  was  placed  different  substances:  the  amount  of 
rotation  of  the  eye-piece  observed  several  times  and  the  ave- 
rage taken,  as  expressing  the  rotation  for  the  ray  length  of 
substance  used.  But  as  the  substances  were  of  different  di- 
mensions, the  ray  lengths  were,  by  calculation,  corrected  to 
one  standard  length,  upon  the  assumption  that  the  power  was 
proportionate  to  this  length  (2163.).  The  oil  of  turpentine 
was  of  course  observed  in  its  natural  state,  i.  e.  without  mag- 
netic action.  Making  water  1,  the  numbers  were  as  follows  : — 

Oil  of  turpentine     .     .     .     11*8 
Heavy  glass  (2151.)    .     .       6*0 

Flint-glass 2*8 

Rock-salt 2-2 

Water 1*0 

Alcohol less  than  water. 

iEther less  than  alcohol. 

2216.  In  relation  to  the  action  of  magnetic  and  electric 
forces  on  light,  I  consider,  that  to  know  the  conditions  under 
which  there  is  no  apparent  action,  is  to  add  to  our  knowledge 
of  their  mutual  relations ;  and  will,  therefore,  very  briefly  state 
how  I  have  lately  combined  these  forces,  obtaining  no  appa- 
rent result  (955.). 

2217.  Heavy  glass,  flint-glass,  rock-crystal,  Iceland  spar, 
oil  of  turpentine,  and  air,  had  a  polarized  ray  passed  through 
them;  and,  at  the  same  time,  lines  of  electro- static  tension 
(2149.)  were,  by  means  of  coatings,  the  Leyden  jar,  and  the 
electric  machine,  directed  across  the  bodies,  parallel  to  the 
polarized  ray,  and  perpendicular  to  it,  both  in  and  across  the 
plane  of  polarization ;  but  without  any  visible  effect.  The 
tension  of  a  rapidly  recurring,  induced  secondary  current,  was 
also  directed  upon  the  same  bodies  and  upon  water  (as  an 
electrolyte),  but  with  the  same  negative  result. 

2218.  A  polarized  ray,  powerful  magnetic  lines  of  force, 
and  the  electric  lines  of  force  (2149.)  just  described,  were  com- 
bined in  various  directions  in  their   action  on  heavy  glass 
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(2151.  2176.),  but  with  no  other  result  than  that  due  to  the 
mutual  action  of  the  magnetic  lines  of  light,  already  described 
in  this  paper. 

2219.  A  polarized  ray  and  electric  currents  were  combined 
in  every  possible  way  in  electrolytes  (951-954).  The  sub- 
stances used  were  distilled  water,  solution  of  sugar,  dilute  sul- 
phuric acid,  solution  of  sulphate  of  soda,  using  platinum  elec- 
trodes; and  solution  of  sulphate  of  copper,  using  copper  elec- 
trodes; the  current  was  sent  along  the  ray,  and  perpendicular 
to  it  in  two  directions  at  right  angles  with  each  other ;  the  ray 
was  made  to  rotate,  by  altering  the  position  of  the  polarizing 
mirror,  that  the  plane  of  polarization  might  be  varied;  the 
current  was  used  as  a  continuous  current,  as  a  rapidly  inter- 
mitting current,  and  as  a  rapidly  alternating  double  current  of 
induction;  but  in  no  case  was  any  trace  of  action  perceived. 

2220.  Lastly,  a  ray  of  polarized  light,  electric  currents,  and 
magnetic  lines  of  force,  were  directed  in  every  possible  way 
through  dilute  sulphuric  acid  and  solution  of  sulphate  of  soda, 
but  still  with  negative  results,  except  in  those  positions 
where  the  phaenomena  already  described  were  produced.  In 
one  arrangement,  the  current  passed  in  the  direction  of  ra- 
dii from  a  central  to  a  circumferential  electrode,  the  contrary 
magnetic  poles  being  placed  above  and  below;  and  the  ar- 
rangements were  so  good,  that  when  the  electric  current  was 
passing,  the  fluid  rapidly  rotated;  but  a  polarized  ray  sent 
horizontally  across  this  arrangement  was  not  at  all  affected. 
Also,  when  the  ray  was  sent  vertically  through  it,  and  the  eye- 
piece moved  to  correspond  to  the  rotation  impressed  upon  the 
ray  in  this  position  by  the  magnetic  curves  alone,  the  superin- 
duction  of  the  passage  of  the  electric  current  made  not  the 
least  difference  in  the  effect  upon  the  ray. 

%  iii.  General  considerations. 

2221.  Thus  is  established,  I  think  for  the  first  time*,  a 

*  I  say;  for  the  first  time,  because  I  do  not  think  that  the  experiments  of 
Morrichini  on  the  production  of  magnetism  by  the  rays  at  the  violet  end  of 
the  spectrum  prove  any  such  relation.  When  in  Rome  with  Sir  H.  Davy 
in  the  month  of  May  1814, 1  spent  several  hours  at  the  house  of  Morrichini, 
working  with  his  apparatus  and  under  his  directions,  but  could  not  suc- 
ceed in  magnetising  a  needle.  I  have  no  confidence  in  the  effect  as  a 
direct  result  of  the  action  of  the  sun's  rays ;  but  think,  that  when  it  has 
occurred  it  has  been  secondary,  incidental,  and  perhaps  even  accidental ; 
a  result  that  might  well  happen  with  a  needle  that  was  preserved  during 
the  whole  experiment  in  a  north  and  south  position. 

January  2,  1846. — I  should  not  have  written  "for  the  first  time"  as 
above,  if  I  had  remembered  Mr.  Christie's  experiments  and  papers  on  the 
Influence  of  the  Solar  Rays  on  Magnets,  communicated  in  the  Philoso- 
phical Transactions  for  1826,  p.  219,  and  1828,  p.  379.— M.F. 
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true,  direct  relation  and  dependence  between  light  and  the 
magnetic  and  electric  forces  ;  and  thus  a  great  addition  made 
to  the  facts  and  considerations  which  tend  to  prove  that  all 
natural  forces  are  tied  together,  and  have  one  common  origin 
(2146.).  It  is,  no  doubt,  difficult  in  the  present  state  of  our 
knowledge  to  express  our  expectation  in  exact  terms ;  and, 
though  I  have  said  that  another  of  the  powers  of  nature  is,  in 
these  experiments,  directly  related  to  the  rest,  I  ought,  per- 
haps, rather  to  say  that  another  form  of  the  great  power  is 
distinctly  and  directly  related  to  the  other  forms ;  or  that  the 
great  power  manifested  by  particular  pheenomena  in  particular 
forms,  is  here  further  identified  and  recognised,  by  the  direct 
relation  of  its  form  of  light  to  its  forms  of  electricity  and  mag- 
netism. 

2222.  The  relation  existing  between  polarized  light  and 
magnetism  and  electricity,  is  even  more  interesting  than  if  it 
had  been  shown  to  exist  with  common  light  only.  It  cannot 
but  extend  to  common  light;  and,  as  it  belongs  to  light  made, 
in  a  certain  respect,  more  precise  in  its  character  and  pro- 
perties by  polarization,  it  collates  and  connects  it  with  these 
powers,  in  that  duality  of  character  which  they  possess,  and 
yields  an  opening,  which  before  was  wanting  to  us,  for  the 
appliance  of  these  powers  to  the  investigation  of  the  nature  of 
this  and  other  radiant  agencies. 

2223.  Referring  to  the  conventional  distinction  before 
made  (2149.),  it  may  be  again  stated,  that  it  is  the  magnetic 
lines  of  force  only  which  are  effectual  on  the  rays  of  light,  and 
they  only  (in  appearance)  when  parallel  to  the  ray  of  light,  or 
as  they  tend  to  parallelism  with  it.  As,  in  reference  to  matter 
not  magnetic  after  the  manner  of  iron,  the  phaenomena  of  elec- 
tric induction  and  electrolysation  show  a  vast  superiority  in 
the  energy  with  which  electric  forces  can  act  as  compared  to 
magnetic  forces,  so  here,  in  another  direction  and  in  the  pe- 
culiar and  correspondent  effects  which  belong  to  magnetic 
forces,  they  are  shown,  in  turn,  to  possess  great  superiority, 
and  to  have  their  full  equivalent  of  action  on  the  same  kind  of 
matter. 

2224.  The  magnetic  forces  do  not  act  on  the  ray  of  light 
directly  and  without  the  intervention  of  matter,  but  through 
the  mediation  of  the  substance  in  which  they  and  the  ray 
have  a  simultaneous  existence  ;  the  substances  and  the  forces 
giving  to  and  receiving  from  each  other  the  power  of  acting 
on  the  light.  This  is  shown  by  the  non-action  of  a  vacuum, 
of  air  or  gases ;  and  it  is  also  further  shown  by  the  special 
degree  in  which  different  matters  possess  the  property.  That 
magnetic  force  acts  upon  the  ray  of  light  always  with  the  same 
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character  of  manner  and  in  the  same  direction,  independent 
of  the  different  varieties  of  substance,  or  their  states  of  solid 
or  liquid,  or  their  specific  rotative  force  (2232.),  shows  that 
the  magnetic  force  and  the  light  have  a  direct  relation  :  but 
that  substances  are  necessary,  and  that  these  act  in  different 
degrees,  shows  that  the  magnetism  and  the  light  act  on  each 
other  through  the  intervention  of  the  matter. 

2225.  Recognizing  or  perceiving  matter  only  by  its  powers, 
and  knowing  nothing  of  any  imaginary  nucleus,  abstract  from 
the  idea  of  these  powers,  the  phsenomena  described  in  this 
paper  much  strengthen  my  inclination  to  trust  in  the  views  I 
have  on  a  former  occasion  advanced  in  reference  to  its  na- 
ture*. 

2226.  It  cannot  be  doubted  that  the  magnetic  forces  act 
upon  and  affect  the  internal  constitution  of  the  diamagnetic, 
just  as  freely  in  the  dark  as  when  a  ray  of  light  is  passing 
through  it ;  though  the  phenomena  produced  by  light  seem, 
as  yet,  to  present  the  only  means  of  observing  this  constitu- 
tion and  the  change.  Further,  any  such  change  as  this  must 
belong  to  opake  bodies,  such  as  wood,  stone,  and  metal ;  for 
as  diamagnetics,  there  is  no  distinction  between  them  and 
those  which  are  transparent.  The  degree  of  transparency 
can  at  the  utmost,  in  this  respect,  only  make  a  distinction  be- 
tween the  individuals  of  a  class. 

2227.  If  the  magnetic  forces  had  made  these  bodies  mag- 
nets, we  could,  by  light,  have  examined  a  transparent  magnet ; 
and  that  would  have  been  a  great  help  to  our  investigation  of 
the  forces  of  matter.  But  it  does  not  make  them  magnets 
(2171.)?  ar,d  therefore  the  molecular  condition  of  these  bodies, 
when  in  the  state  described,  must  be  specifically  distinct  from 
that  of  magnetized  iron,  or  other  such  matter,  and  must  be  a 
new  magnetic  condition;  and  as  the  condition  is  a  state  of  ten- 
sion (manifested  by  its  instantaneous  return  to  the  normal 
state  when  the  magnetic  induction  is  removed),  so  ihe  force 
which  the  matter  in  this  state  possesses  and  its  mode  of  action, 
must  be  to  us  a  ?icw  magnetic  force  or  mode  of  action  of  matter. 

2228.  For  it  is  impossible,  I  think,  to  observe  and  see  the 
action  of  magnetic  forces,  rising  in  intensity,  upon  a  piece  of 
heavy  glass  or  a  tube  of  water,  without  also  perceiving  that 
the  latter  acquire  properties  which  are  not  only  new  to  the 
substance,  but  are  also  in  subjection  to  very  definite  and  pre- 
cise laws  (2160.  2199.),  and  are  equivalent  in  proportion  to 
the  magnetic  forces  producing  them. 

2229.  Perhaps  this  state  is  a  state  of  electric  tension  tending 

*  A  speculation,  &c.    Philosophical  Magazine,  1844,  vol.  xxiv.  p.  136. 
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to  a  current ;  as  in  magnets,  according  to  Ampere's  theory, 
the  state  is  a  state  of  current.  When  a  core  of  iron  is  put 
into  a  helix,  every  thing  leads  us  to  believe  that  currents  of 
electricity  are  produced  within  it,  which  rotate  or  move  in  a 
plane  perpendicular  to  the  axis  of  the  helix.  If  a  diamag- 
netic  be  placed  in  the  same  position,  it  acquires  power  to  make 
light  rotate  in  the  same  plane.  The  state  it  has  received  is  a 
state  of  tension,  but  it  has  not  passed  on  into  currents,  though 
the  acting  force  and  every  other  circumstance  and  condition 
are  the  same  as  those  which  do  produce  currents  in  iron, 
nickel,  cobalt,  and  such  other  matters  as  are  fitted  to  receive 
them.  Hence  the  idea  that  there  exists  in  diamagnetics,  under 
such  circumstances,  a  tendency  to  currents,  is  consistent  with 
all  the  phaenomena  as  yet  described,  and  is  further  strength- 
ened by  the  fact,  that,  leaving  the  loadstone  or  the  electric 
current,  which  by  inductive  action  is  rendering  a  piece  of  iron, 
nickel,  or  cobalt  magnetic,  perfectly  unchanged,  a  mere  change 
of  temperature  will  take  from  these  bodies  their  extra  power, 
and  make  them  pass  into  the  common  class  of  diamagnetics. 


2230.  The  present  is,  I  believe,  the  first  time  that  the  mole- 
cular condition  of  a  body,  required  to  produce  the  circular 
polarization  of  light,  has  been  artificially  given  ;  and  it  is  there- 
fore very  interesting  to  consider  this  known  stats  and  condi- 
tion of  the  body,  comparing  it  with  the  relatively  unknown 
state  of  those  which  possess  the  power  naturally :  especially  as 
some  of  the  latter  rotate  to  the  right-hand  and  others  to  the 
left ;  and,  as  in  the  cases  of  quartz  and  oil  of  turpentine,  the 
same  body  chemically  speaking,  being  in  the  latter  instance 
a  liquid  with  particles  free  to  move,  presents  different  speci- 
mens, some  rotating  one  way  and  some  the  other. 

2231.  At  first  one  would  be  inclined  to  conclude  that  the 
natural  state  and  the  state  conferred  by  magnetic  and  electric 
forces  must  be  the  same,  since  the  effect  is  the  same*  but  on 
further  consideration  it  seems  very  difficult  to  come  to  such 
a  conclusion.  Oil  of  turpentine  will  rotate  a  ray  of  light,  the 
power  depending  upon  its  particles  and  not  upon  the  arrange- 
ment of  the  mass.  Whichever  way  a  ray  of  polarized  light 
passes  through  this  fluid,  it  is  rotated  in  the  same  manner ; 
and  rays  passing  in  every  possible  direction  through  it  simul- 
taneously are  all  rotated  with  equal  force  and  according  to 
one  common  law  of  direction ;  i.  e.  either  all  right-handed  or 
else  all  to  the  left.  Not  so  with  the  rotation  superinduced  on 
the  same  oil  of  turpentine  by  the  magnetic  or  electric  forces : 
it  exists  only  in  one  direction,  i.  e.  in  a  plane  perpendicular 
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to  the  magnetic  line ;  and  being  limited  to  this  plane,  it  can 
be  changed  in  direction  by  a  reversal  of  the  direction  of  the 
inducing  force.  The  direction  of  the  rotation  produced  by 
the  natural  state  is  connected  invariably  with  the  direction 
of  the  ray  of  light;  but  the  power  to  produce  it  appears  to  be 
possessed  in  every  direction  and  at  all  times  by  the  particles 
of  the  fluid:  the  direction  of  the  rotation  produced  by  the 
induced  condition  is  connected  invariably  with  the  direction 
of  the  magnetic  line  or  the  electric  current,  and  the  condition 
is  possessed  by  the  particles  of  matter,  but  strictly  limited  by 
the  line  or  the  current,  changing  and  disappearing  with  it. 

2332.  Let  m,  in  fig.  3,  represent  a  glass  cell  filled  with  oil 
of  turpentine,  possessing  naturally  the  power  of  producing 
right-hand  rotation,  and  a  b  a  polarized  ray  of  light.     If  the 
ray  proceed  from  a  to  b,  and  the  eye  be  placed  at  b,  the  rota- 
tion will  be  right-handed,  or  accord-  Fig.  3. 
ing  to  the  direction  expressed  by  the 
arrow-heads  on  the  circle  c ;  if  the  ray 
proceed  from  b  to  a,  and  the  eye  be 
placed  at  a,  the  rotation  will  still  be 
right-handed  to  the  observer,  i.  e.  ac- 
cording to  the  direction  indicated  on 
the  circle  d.    Let  now  an  electric  cur- 
rent pass  round  the  oil  of  turpentine 
in  the  direction  indicated  on  the  cir- 
cle c,  or  magnetic  poles  be  placed  so 
as  to  produce  the  same  effect  (2155); 
the  particles   will  acquire  a  further           / 
rotative    force    (which     no     motion        / 
amongst  themselves  will  disturb),  and      " 
a  ray  coming  from  a  to  b  will  be  seen  by  an  eye  placed  at  b 
to  rotate  to  the  right-hand  more  than  before,  or  in  the  direc- 
tion on  the  circle  c;  but  pass  a  ray  from  b  to  «,  and  observe 
with  the  eye  at  a,  and  the  phenomenon  is  no  longer  the  same 
as  before ;  for  instead  of  the  new  rotation  being  according  to 
the  direction  indicated  on  the  circle  d,  it  will  be  in  the  con- 
trary direction,  or  to  the  observer's  left-hand  (2199).    In  fact 
the  induced  rotation  will  be  added  to  the  natural  rotation  as 
respects  a  ray  passing  from  a  to  b,  but  it  will  be  subtracted 
from  the  natural  rotation  as  regards  the  ray  passing  from  b 
to  a.    Hence  the  particles  of  this  fluid  which  rotate  by  virtue 
of  their  natural  force,  and  those  which  rotate  by  virtue  of  the 
induced  force,  cannot  be  in  the  same  condition. 

2233.  As  respects  the  power  of  the  oil  of  turpentine  to 
rotate  a  ray  in  whatever  direction  it  is  passing  through  the 
liquid,  it  may  well  be,  that  though  all  the  particles  possess 
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the  power  of  rotating  the  light,  oniy  those  whose  planes  of 
rotation  are  more  or  less  perpendicular  to  the  ray  affect  it; 
and  that  it  is  the  resultant  or  sum  of  forces  in  any  one  direc- 
tion which  is  active  in  producing  rotation.  But  even  then  a 
striking  difference  remains,  because  the  resultant  in  the  same 
plane  is  not  absolute  in  direction,  but  relative  to  the  course 
of  the  ray,  being  in  the  one  case  as  the  circle  c,  and  in  the 
other  as  the  circle  d,  fig.  3 ;  whereas  the  resultant  of  the  mag- 
netic or  electric  induction  is  absolute,  and  not  changing  with 
the  course  of  the  ray,  being  always  either  as  expressed  by  c 
or  else  as  indicated  by  d. 

2234.  All  these  differences,  however,  will  doubtless  disap- 
pear or  come  into  harmony  as  these  investigations  are  ex- 
tended ;  and  their  very  existence  opens  so  many  paths,  by 
which  we  may  pursue  our  inquiries,  more  and  more  deeply, 
into  the  powers  and  constitution  of  matter. 

2235.  Bodies  having  rotating  power  of  themselves,  do  not 
seem  by  that  to  have  a  greater  or  a  less  tendency  to  assume  a 
further  degree  of  the  same  force  under  the  influence  of  mag- 
netic or  electric  power. 

2236.  Were  it  not  for  these  and  other  differences,  we  might 
see  an  analogy  between  these  bodies,  which  possess  at  all  times 
the  rotating  power,  as  a  specimen  of  quartz  which  rotates  only 
in  one  plane,  and  those  to  which  the  power  is  given  by  the 
induction  of  other  forces,  as  a  prism  of  heavy  glass  in  a  helix, 
on  the  one  hand ;  and,  on  the  other,  a  natural  magnet  and  a 
helix  through  which  the  current  is  passing.  The  natural 
condition  of  the  magnet  and  quartz,  and  the  constrained  con- 
dition of  the  helix  and  heavy  glass,  form  the  link  of  the  ana- 
logy in  one  direction ;  whilst  the  supposition  of  currents  ex- 
isting in  the  magnet  and  helix,  and  only  a  tendency  or  tension 
to  currents  existing  in  the  quartz  and  heavy  glass,  supplies 
the  link  in  the  transverse  direction. 

2237.  As  to  those  bodies  which  seem  as  yet  to  give  no  indi- 
cation of  the  power  over  light,  and  therefore  none  of  the  as- 
sumption of  the  new  magnetic  conditions ;  these  may  be  di- 
vided into  two  classes,  the  one  including  air,  gases  and  vapours, 
and  the  other  rock  crystal,  Iceland  spar,  and  certain  other 
crystalline  bodies.  As  regards  the  latter  class,  I  shall  give, 
in  the  next  series  of  these  researches,  proofs  drawn  from  phe- 
nomena of  an  entirely  different  kind,  that  they  do  acquire  the 
new  magnetic  condition ;  and  these  being  so  disposed  of  for 
the  moment,  I  am  inclined  to  believe  that  even  air  and  gases 
have  the  power  to  assume  the  peculiar  state,  and  even  to  affect 
light,  but  in  a  degree  so  small  that  as  yet  it  has  not  been  made 
sensible.     Still  the  gaseous  state  is  such  a  remarkable  condi- 
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tion  of  matter,  that  we  ought  not  too  hastily  to  assume  that 
the  substances  which,  in  the  solid  and  liquid  state,  possess 
properties  even  general  in  character,  always  carry  these  into 
their  gaseous  condition. 

2238.  Rock-salt,  fluor-spar,  and,  I  think,  alum,  affect  the 
ray  of  light;  the  other  crystals  experimented  with  did  not; 
these  are  equiaxed  and  singly  refracting,  the  others  are  un- 
equiaxed  and  doubly  refracting.  Perhaps  these  instances, 
with  that  of  the  rotation  of  quartz,  may  even  now  indicate  a 
relation  between  magnetism,  electricity,  and  the  crystallizing 
forces  of  matter. 

2239.  All  bodies  are  affected  by  helices  as  by  magnets, 
and  according  to  laws  which  show  that  the  causes  of  the  ac- 
tion are  identical  as  well  as  the  effects.  This  result  supplies 
another  fine  proof  in  favour  of  the  identity  of  helices  and  mag- 
nets, according  to  the  views  of  Ampere. 

2240.  The  theory  of  static  induction  which  I  formerly  ven- 
tured to  set  forth  (1161,  &c),  and  which  depends  upon  the 
action  of  the  contiguous  particles  of  the  dielectric  intervening 
between  the  inductric  and  the  inducteous  bodies,  led  me  to 
expect  that  the  same  kind  of  dependence  upon  the  intervening 
particles  would  be  found  to  exist  in  magnetic  action ;  and 
I  published  certain  experiments  and  considerations  on  this 
point  seven  years  ago  (1709 — 1736).  I  could  not  then  dis- 
cover any  peculiar  condition  of  the  intervening  substance  or 
diamagnetic ;  but  now  that  I  have  been  able  to  make  out  such 
a  state,  which  is  not  only  a  state  of  tension  (2227),  but  de- 
pendent entirely  upon  the  magnetic  lines  which  pass  through 
the  substance,  I  am  more  than  ever  encouraged  to  believe 
that  the  view  then  advanced  is  correct. 

2241.  Although  the  magnetic  and  electric  forces  appear 
to  exert  no  power  on  the  ordinary  or  on  the  depolarized  ray 
of  light,  we  can  hardly  doubt  but  that  they  have  some  special 
influence,  which  probably  will  soon  be  made  apparent  by  ex- 
periment. Neither  can  it  be  supposed  otherwise  than  that 
the  same  kind  of  action  should  take  place  on  the  other  forms 
of  radiant  agents  as  heat  and  chemical  force. 

2242.  This  mode  of  magnetic  and  electric  action,  and  the 
phamomena  presented  by  it,  will,  I  hope,  greatly  assist  here- 
after in  the  investigation  of  the  nature  of  transparent  bodies, 
of  light,  of  magnets,  and  their  action  one  on  another,  or  on 
magnetic  substances.  I  am  at  this  time  engaged  in  investi- 
gating the  new  magnetic  condition,  and  shall  shortly  send  a 
further  account  of  it  to  the  Royal  Society.  What  the  possi- 
ble effect  of  the  force  may  be  in  the  earth  as  a  whole,  or  in 
magnets,  or  in  relation  to  the  sun,  and  what  may  be  the  best 
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means  of  causing  light  to  evolve  electricity  and  magnetism, 
are  thoughts  continually  pressing  upon  the  mind  ;  but  it  will 
be  better  to  occupy  both  time  and  thought,  aided  by  experi- 
ment, in  the  investigation  and  development  of  real  truth,  than 
to  use  them  in  the  invention  of  suppositions  which  may  or 
may  not  be  founded  on,  or  consistent  with  fact. 
Royal  Institution,  Oct.  29,  1845. 


L.  On  the  Cause  of  remarkably  Mild  Winters  which  occa- 
sionally occur  in  England.  By  Lieut.-Colonel  Sabine, 
R.A.,  For.  Sec.  R.S. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen, 

THE  unusual  character  of  the  winter  which  we  have  just 
experienced,  together  with  its  effects  which  we  are  now 
witnessing  upon  our  gardens  and  fields,  and  its  influence  on 
the  public  health  as  evidenced  by  the  bills  of  mortality,  should 
make  it  an  object  not  only  of  scientific,  but  of  general  interest, 
to  endeavour  to  trace  out  the  cause  of  so  remarkable  a  phe- 
nomenon. By  a  memorandum  with  which  the  Astronomer 
Royal  has  been  so  obliging  as  to  furnish  me,  it  appears  that 
the  mean  temperature  in  December,  January  and  February, 
exceeded  the  mean  temperature  of  the  same  months  in  the 
preceding  year  by  the  amounts  respectively  of  80,7,  50,3, 
11°*2;  on  an  average  above  8°  for  three  months.  An  excess 
of  temperature  of  such  amount  and  such  continuance,  must 
surely,  one  would  suppose,  have  some  sufficiently  notable 
cause.  I  am  not  aware  that  any  probable  cause  has  yet  been 
suggested ;  but  should  you  oblige  me  by  inserting  this  com- 
munication, it  may  at  least  be  of  use  in  commencing  the  dis- 
cussion, and  possibly  in  eliciting  the  opinions  of  others,  whose 
views  on  the  subject  the  public  may  naturally  desire  to  know. 
The  winter  which  within  my  recollection  most  nearly  re- 
sembled the  present,  was  that  of  1821-1822,  and  undoubtedly 
the  resemblance  is  in  many  respects  very  striking.  For  the 
peculiarity  in  that  year  there  was  a  cause  assigned,  adequate 
1  believe  to  account  for  all  the  phenomena,  and  of  which  the 
existence  was  proved :  I  allude  to  the  extension  of  the  Gulf- 
stream  in  that  year  to  the  coast  of  Europe,  instead  of  its  ter- 
minating as  it  usually  does  about  the  meridian  of  the  Azores. 
In  the  winter  of  1821-1822,  the  warm  water  of  the  Gulf-stream 
spread  itself  beyond  its  usual  bounds  over  a  space  of  ocean 
which  may  be  roughly  estimated  as  exceeding  600  miles  in  lati- 
tude and  1000  in  longitude,  carrying  with  it  water  several  de- 
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grees  higher  than  the  temperature  of  the  sea  in  ordinary  years 
in  the  same  parallels.  The  facts,  both  in  respect  to  the  Gulf- 
stream,  and  to  the  peculiarities  of  the  winter  in  that  year, 
were  stated  in  the  volume  of  Pendulum  and  other  observa- 
tions which  I  published  in  1825  ;  perhaps  the  statement  of 
them  now  will  be  most  satisfactorily  given  in  the  words  which 
were  then  used :  and  I  have  the  less  hesitation  in  introducing 
an  extract  from  that  work,  because  it  was  published  many 
years  ago,  and  is,  I  believe,  but  little  known,  at  least  in  this 
country.     The  statement  was  as  follows : — 


i(  In  the  passage  of  the  Iphigenia  from  England  to  the  coast 
of  Africa,  a  remarkable  and  very  interesting  evidence  was  ob- 
tained, by  observations  on  the  temperature  of  the  sea,  of  the 
accidental  presence  in  that  year  of  the  water  of  the  Gulf- 
stream,  in  longitudes  much  to  the  eastward  of  its  ordinary 
extension. 

"  The  Iphigenia  sailed  from  Plymouth  on  the  4th  of  Ja- 
nuary [1822],  after  an  almost  continuous  succession  of  very 
heavy  westerly  and  south-westerly  gales,  by  which  she  had 
been  repeatedly  driven  back  and  detained  in  the  ports  of  the 
Channel ;  the  following  memorandum  exhibits  her  position  at 
noon  on  each  day  of  her  subsequent  voyage  from  Plymouth 
to  Madeira,  and  from  thence  to  the  Cape  Verd  Islands,  the 
temperature  of  the  air  in  the  shade  and  to  windward,  and 
that  of  the  surface  of  the  sea ;  it  also  exhibits  in  comparison, 
the  ordinary  temperature  of  the  ocean  at  that  season,  in  the 
respective  parallels,  which  Major  Rennell  has  been  so  kind  as 
to  permit  me  to  insert  on  his  authority,  as  an  approximation 
founded  on  his  extensive  inquiries ;  the  last  column  shows 
the  excess  or  defect  in  the  temperature  observed  in  the  Iphi- 
genia's  passage. 


Date. 

Latitude  N. 

Longitude  W. 

Surface-water. 

Excess  or 

Air* 

Observed. 

Usual. 

defect. 

1822. 

"Jan.    5 

47  30 

7  30 

470 

49-0 

500 

-1 

6 

44  20 

9  30 

52-5 

55-7 

525 

-r-3-2 

Plymouth  to 

7 

41  22 

11  37 

540 

58-2 

540 

+4-2 

Madeira. 

8 

38  54 

13  20 

54-2 

61-7 

55-7 

+6 

9 

No  obser 

vation. 

56-0 

630 

58-0 

+5 

10 

33  40 

15  30 

607 

640 

600 

+4 

19 

26  00 

17  50 

660 

65-5 

67-0 

-1-5 

Madeira  to 

20 

24  30 

18  50 

68-0 

670 

68-4 

-1-4 

Cape  Verd  1 

21 

23  06 

20  00 

69-0 

690 

69-5 

-0-5 

Islands. 

22 

21  02 

21  27 

69-5 

69-5 

71-2 

-1-7 

23 

19  20 

23  00 

706 

702 

716 

-1-4 
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"  It  is  seen  by  the  preceding  memorandum,  that  in  the  pas- 
sage from  Plymouth  to  Madeira,  the  Iphigenia  found  the 
temperature  of  the  sea,  between  the  parallels  of  44|°  and  33§°, 
several  degrees  warmer  than  its  usual  temperature  in  the  same 
season;  namely  3°'2  in  44^°,  increasing  to  6°  in  39°,  and 
again  diminishing  to  4°  in  33§° ;  whilst  at  the  same  period, 
the  general  temperature  of  the  ocean  in  the  adjoining  parallels, 
both  to  the  northward  and  to  the  southward,  even  as  far  as 
the  Cape  Verd  Islands  in  19f°,  was  colder  by  a  degree  and 
upwards  than  the  usual  average.  The  evidence  of  many  care- 
ful observers  at  different  seasons  and  in  different  years,  whose 
observations  have  been  collected  and  compared  by  Major 
Rennell,  has  satisfactorily  shown,  that  the  water  of  the  Gulf- 
stream,  distinguished  by  the  high  temperature  which  it  brings 
from  its  origin  in  the  Gulf  of  Mexico,  is  not  usually  found  to 
extend  to  the  eastward  of  the  Azores.  Vessels  navigating  the 
ocean  between  the  Azores  and  the  continent  of  Europe,  find 
at  all  seasons  a  temperature  progressively  increasing  as  they 
approach  the  sun ;  the  absolute  amount  varies  according  to 
the  season,  the  maximum  in  summer  being  about  14°  warmer 
than  the  maximum  in  winter;  but  the  progression  in  respect 
to  latitude  is  regular,  and  is  nearly  the  same  in  winter  as  in 
summer,  being  an  increase  of  3°  of  Fahr.  for  every  5°  of  lati- 
tude. It  is  further  observed,  that  the  ordinary  condition  of 
the  temperature,  in  the  part  of  the  ocean  under  notice,  is 
little  subject  to  disturbance,  and  that  in  any  particular  parallel 
and  season,  the  limits  of  variation  in  different  years  are  very 
small ;  after  westerly  winds  of  much  strength  or  continuance, 
the  sea  in  all  the  parallels  is  rather  colder  than  the  average 
temperature,  on  account  of  the  increased  velocity  communi- 
cated to  the  general  set  of  the  waters  of  the  north-eastern 
Atlantic  towards  the  south.  To  the  heavy  westerly  gales 
which  had  prevailed  almost  without  intermission  in  the  last 
fortnight  in  November,  and  during  the  whole  of  December, 
may  therefore  be  attributed  the  colder  temperatures  observed 
in  the  latitude  of  47|°,  and  in  those  between  26°  and  19^°. 

"  If  doubt  could  exist  in  regard  to  the  higher  temperatures 
between  44^°  and  33§°  being  a  consequence  of  the  extension 
in  that  year  of  the  Gulf-stream  in  the  direction  of  its  general 
course,  it  might  be  removed  by  a  circumstance  well-deserving 
of  notice,  namely,  that  the  greatest  excess  above  the  natural 
temperature  of  the  ocean  was  found  in  or  about  the  latitude 
of  39°,  being  the  parallel  where  the  middle  of  the  stream,  in- 
dicated by  the  warmest  water,  would  arrive,  by  continuing  to 
flow  to  the  eastward  of  the  Azores,  in  the  prolongation  of  the 
great  circle  in  which  it  is  known  to  reach  the  mid- Atlantic. 
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"  One  previous  and  similar  instance  is  on  record,  in  which 
the  water  of  the  Gulf-stream  was  traced  by  its  temperature 
quite  across  the  Atlantic  to  the  coast  of  Europe ;  this  was  by 
Dr.  Franklin,  in  a  passage  from  the  United  States  to  France, 
in  November  ]  776*.  The  latter  part  of  his  voyage,  i.  e.  from 
the  meridian  of  35°  to  the  Bay  of  Biscay,  was  performed,  with 
little  deviation,  in  the  latitude  of  45°;  in  this  run  exceeding 
1200  miles,  in  a  parallel  of  which  the  usual  temperature,  to- 
wards the  close  of  November,  is  about  55^°,  he  found  63°  in 
the  longitude  of  35°  W.,  diminishing  to  60°  in  the  Bay  of 
Biscay;  and  61°  in  10°  west  longitude,  near  the  same  spot 
where  the  Iphigenia  found  5  5 °*  7  on  the  6th  of  January,  being 
about  five  weeks  later  in  the  season.  At  this  spot  then,  where 
the  Iphigenia  crossed  Dr.  Franklin's  track,  the  temperature 
in  November  1776  was  5^°,  and  in  January  1822,  30,2  above 
the  ordinary  temperature  of  the  season. 

"There  can  be  little  hesitation  in  attributing  the  unusual 
extension  of  the  stream  in  particular  years  to  its  greater  ini- 
tial velocity,  occasioned  by  a  more  than  ordinary  difference  in 
the  levels  of  the  Gulf  of  Mexico  and  of  the  Atlantic;  it  has 
been  computed  by  Major  Rennell,  from  the  known  velocity  of 
the  stream  at  various  points  of  its  course,  that  in  the  summer 
months,  when  its  rapidity  is  greatest,  the  water  requires 
about  eleven  weeks  to  run  from  the  outlet  of  the  Gulf  of 
Mexico  to  the  Azores,  being  about  3000  geographical  miles ; 
and  he  has  further  supposed,  in  the  case  of  the  water  of  which 
the  temperature  was  examined  by  Dr.  Franklin,  that  perhaps 
not  less  than  three  months  were  occupied,  in  addition,  by  its 
passage  to  the  coasts  of  Europe,  being  altogether  a  course  ex- 
ceeding 4000  geographical  miles.  On  this  supposition,  the 
water  of  the  latter  end  of  November  1776  may  have  quitted 
the  Gulf  of  Mexico,  with  a  temperature  of  83°,  in  June  ;  and 
that  of  January  1822,  towards  the  end  of  July,  with  nearly 
the  same  temperature.  The  summer  months,  particularly 
July  and  August,  are  those  of  the  greatest  initial  velocity  of 
the  stream,  because  it  is  the  period  when  the  level  of  the  Ca- 
ribbean Sea  and  Gulf  of  Mexico  is  most  deranged. 

"  It  is  not  difficult  to  imagine  that  the  space  between  the 
Azores  and  the  coasts  of  the  old  continent,  being  traversed 
by  the  stream,  slowly  as  it  must  be,  at  a  much  colder  season 
in  the  instance  observed  by  the  Iphigenia  than  in  that  by  Dr. 
Franklin,  its  temperature  may  have  been  cooled  thereby  to  a 
nearer  approximation  to  the  natural  temperature  of  the  ocean 
in  the  former  than  in  the  latter  case ;  and  that  the  difference 

*  Franklin's  Works,  8vo,  London,  1806,  vol.  ii.  pp.  200,  201. 
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between  the  excess  of  5°*5  in  November,  and  of  30,2  in  Ja- 
nuary, may  be  thus  accounted  for. 

"  If  the  explanation  of  the  apparently  very  unusual  facts  ob- 
served by  Dr.  Franklin  in  1776,  and  by  the  Iphigenia  in  1822, 
be  correct,  how  highly  curious  is  the  connexion  thus  traced 
between  a  more  than  ordinary  strength  of  the  winds  within 
the  tropics  in  the  summer,  occasioning  the  derangement  of 
the  level  of  the  Mexican  and  Caribbean  seas,  and  the  high 
temperature  of  the  sea  between  the  British  Channel  and  Ma- 
deira, in  the  following  winter ! 

"  Nor  is  the  probable  meteorological  influence  undeserving 
of  attention,  of  so  considerable  an  increase  in  the  temperature 
of  the  surface  water  over  an  extent  of  ocean  exceeding  600 
miles  in  latitude  and  1000  in  longitude,  situated  so  import- 
antly in  relation  to  the  western  parts  of  Europe.  It  is  at 
least  a  remarkable  coincidence,  that  in  November  and  Decem- 
ber 1821,  and  in  January  1822,  the  state  of  the  weather  was 
so  unusual  in  the  southern  parts  of  Great  Britain  and  in 
France,  as  to  have  excited  general  observation  ;  in  the  meteo- 
rological Journals  of  the  period  it  is  characterized  as  '  most 
extraordinarily  hot,  damp,  stormy,  and  oppressive ;'  it  is  stated, 
1  that  an  unusual  quantity  of  rain  fell  both  in  November  and 
December,  but  particularly  in  the  latter ;'  that '  the  gales  from 
the  west  and  south-west  were  almost  without  intermission,' 
and  that  in  December,  the  mercury  in  the  barometer  was 
lower  than  it  had  been  known  for  thirty-five  years  before*/' 

*  "  The  following  description  of  this  very  remarkable  winter  is  extracted 
from  Mr.  Daniell's  Essay  on  the  Climate  of  London  (Meteorological  Essays. 
London,  1823,  pages  297  and  298),  and  becomes  highly  curious  when 
viewed  in  connexion  with  the  unusual  temperature  of  the  ocean  in  the  di- 
rection in  which  the  principal  winds  proceeded. 

"'November  1821  differed  from  the  mean,  and  from  both  the  preceding 
years,  in  a  very  extraordinary  way.  The  average  temperature  was  5°  above 
the  usual  amount ;  and  although  its  dryness  was  in  excess  "  (the  relative 
dryness  in  consequence  of  the  increased  temperature)  "  the  quantity  of 
rain  exceeded  the  mean  quantity  by  one-half.  The  barometer  on  the 
whole  was  not  below  the  mean.  All  the  low  lands  were  flooded,  and  the 
sowing  of  wheat  very  much  interrupted  by  the  wet. 

'"In  December  the  quantity  of  rain  was  very  nearly  double  its  usual 
amount.  The  barometer  averaged  considerably  below  the  mean,  and  de- 
scended lower  than  had  been  known  for  thirty-five  years.  Its  range  was 
from  3027  inches  to  28- 12  inches.  The  temperature  was  still  high  for 
the  season,  and  the  weather  continued,  as  in  the  last  month,  in  an  uninter- 
rupted course  of  wind  and  rain;  the  former  often  approaching  to  a  hurricane, 
and  the  latter  inundating  all  the  low  grounds.  The  water-sodden  state  of 
the  soil,  in  many  parts,  prevented  wheat-sowing,  or  fallowing  the  land  at 
the  regular  season.  The  mild  temperature  pushed  forward  all  the  early- 
sown  wheats  to  a  height  and  luxuriance  scarcely  ever  before  witnessed.  The 
grass  and  every  green  production  increased  in  an  equal  proportion. 

"  '  January,  1822.    This  most  extraordinary  season  still  continued  above 

Phil.  Mag.  S.  3.  Vol.  28.  No.  187.  April  1846.         Z 
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It  is  impossible  to  read  this  description  of  the  winter  of 
1821-1822  without  being-  struck  with  the  many  features  which 
it  has  in  common  with  that  of  the  present  year.  The  excess 
of  heat  in  both  amounted  to  several  degrees,  and  continued 
through  several  months.  There  were  similar  floods  in  many 
parts  of  England  in  the  early  part  and  middle  of  this  winter ; 
and  these  were  not  confined  to  England  only,  but  extended,  as 
in  1821-1822,  to  many  of  the  rivers  of  western  Europe.  The 
tension  of  the  vapour  conveyed  to  the  shores  of  the  British 
Channel  in  December,  January  and  February  last,  was  nearly 
^rd  part  greater,  as  appears  by  the  Greenwich  Observations, 
than  in  the  same  months  of  the  preceding  year ;  although  in 
consequence  of  the  much  higher  temperature,  the  humidity  of 
the  air,  or  the  ratio  of  the  humidity  to  saturation,  has  been 
less.  This  was  also  the  case  in  1821-1822.  We  have  had 
an  unusual  prevalence  of  westerly  and  south-westerly  winds 
at  the  season  when  they  are  ordinarily  replaced  in  a  much 
greater  proportion  by  the  dry  and  cold  winds  which  come  to 
us  from  the  interior  of  the  great  continents  of  Europe  and 
Asia.  If  in  the  southern  parts  of  Britain,  and  on  the  shores 
of  the  British  Channel,  we  have  been  less  severely  affected  by 
storms  and  extreme  barometrical  depressions  than  was  the 
casein  1821-1822,  we  may  possibly  owe  the  comparative  ex- 
emption to  the  fact  that  the  excess  of  heat  above  the  mean 
has  been  greater  in  the  winter  of  1845-1846  than  it  was  in 
1821-1822  ;  whence  we  may  infer  perhaps  that  the  conflict  of 
the  opposing  currents  of  the  atmosphere  has  been  removed  in 
the  present  year  further  to  the  north  and  north-east  than  on 
the  former  occasion ;  it  is  at  the  limits  which  are  reached  by 
the  warm  and  humid  current  proceeding  from  the  south-west, 
and  in  the  localities  where  it  encounters  the  dry  and  cold 
stream  pressing  from  the  east  and  north-east,  that  the  greater 
atmospherical  derangements  are  produced,  and  these  have 
been  experienced  in  the  northern  parts  of  Britain. 

The  similarity  of  the  two  winters  having  thus  been  shown, 
and  specially  their  agreement  in  those  features  in  which  they 
differ  from  ordinary  winters,  it  will  naturally  be  asked,  what 
evidence  we  have  to  prove  or  disprove  an  extension  of  the  Gulf- 

the  mean  temperature,  but  the  rain,  as  if  exhausted  in  the  preceding  month, 
fell  much  below  the  usual  quantity  in  this.  There  was  not  one  day  on 
which  the  frost  lasted  during  the  twenty-four  hours. 

"  '  Serious  apprehensions  were  entertained,  lest  the  wheats,  drawn  up  a9 
they  had  been  by  the  warm1  and  moist  weather,  without  the  slightest  check 
from  frost,  should  be  exhausted  by  excessive  vegetation,  and  ultimately  be 
more  productive  in  straw  than  corn. 

"'  The  month  of  February,  still  5°  above  the  mean  temperature,  ended  a 
winter  which  never  has  been  paralleled.'" 
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stream  in  the  present  year,  similar  to  that  which  took  place 
in  1821.  To  this  it  must  be  replied,  that  strange  as  it  may- 
appear,  this  remarkable  phaenomenon  may  take  place  in  any 
year  without  our  having  other  knowledge  of  it  than  by  its 
effects,  although  it  occurs  at  so  short  a  distance  from  our  ports, 
from  whence  so  many  hundred  vessels  are  continually  crossing 
and  recrossing  the  part  of  the  ocean  where  a  few  simple  ob- 
servations with  a  thermometer  would  serve  to  make  it  known. 
We  have  no  organized  means  of  learning  an  occurrence  which, 
whether  it  be  or  be  not  the  cause  of  the  present  extremely 
mild  winter,  cannot  fail  whenever  it  does  occur  to  affect  ma- 
terially and  for  a  considerable  length  of  time  the  climate  of  an 
extensive  district  of  the  globe  including  our  own  islands. 
History-has  recorded  two  instances  in  which  the  extension  of 
the  Gulf-stream  is  known  to  have  taken  place ;  and  in  both  we 
owe  our  knowledge  of  it  to  the  casual  observations  of  an  acci- 
dental voyager.  Some  one  there  may  be  in  the  present  winter 
whose  curiosity  may  have  induced  him,  in  the  well-frequented 
passage  between  England  and  Madeira,  to  dip  a  thermometer 
in  the  sea  once  or  twice  a  day,  and  who  may  therefore,  perhaps 
unconsciously,  be  in  possession  of  the  very  facts  which  it  is 
desirable  to  know ;  in  such  case  this  communication,  should  it 
meet  his  eye,  may  be  the  means  of  inducing  their  publica- 
tion. It  is  desirable  however  that  we  should  not  be  thus 
altogether  dependent  on  accident  for  information  w7hich  may 
have  even  greater  practical  than  scientific  value ;  happily  it  is 
well  known  that  suggestions  of  this  nature,  when  really  de- 
serving attention,  do  not  pass  unheeded  by  our  excellent  Hy- 
drographer,  to  whose  department  such  subjects  seem  naturally 
to  belong*. 

But  not  only  might  we  by  such  means  be  occasionally  in- 
formed in  November  or  December  that  we  had  probably  to 
expect  a  continuance  of  very  mild  weather  through  January 
and  February;  it  is  not  unreasonable  to  suppose  that  such 
winters  might  well  be  anticipated  at  a  still  earlier  period  of 
the  year ;  ships  sail  faster  than  the  Gulf-stream  flows,  and  a 
more  than  usual  difference  existing  in  the  levels  of  the  Gulf 
of  Mexico  and  the  Atlantic,  or  a  more  than  usual  initial  ve- 
locity of  the  stream  itself,  with  the  consequent  probability  of 
a  winter  of  unusual  mildness  in  Europe,  might  be  known  in 
England  in  the  summer  or  in  the  early  autumn  ;  or  even  going 

*  It  is  much  to  be  wished  that  a  society  existed  in  England  which  should 
charge  itself  with  the  many  interesting  and  important  considerations  be- 
longing to  physical  geography.  Did  the  object  and  scope  of  the  Royal 
Geographical  Society  embrace  physical  as  well  as  descriptive  geography,  it 
cannot  be  doubted  that  science  and  the  public  would  be  greatly  benefited. 

Z2 
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back  to  a  yet  earlier  stage  of  the  phenomenon,  we  might  be 
apprised  that  the  causes  which  operate  in  producing  the  de- 
rangement of  the  level  of  the  Caribbean  and  Mexican  seas 
were  prevailing  in  any  particular  year  in  an  unusually  high 
degree. 

I  wish  in  conclusion  to  guard  against  the  possibility  of  being 
understood  to  suppose  that  amidst  the  variety  of  incidents 
by  which  our  climate  is  affected,  there  may  not  be  others 
which  may  be  influential  in  the  production  of  winters  of  un- 
usual mildness  in  an  equal,  or  even  in  a  greater  degree  than 
the  extension  of  the  Gulf-stream ;  or,  that  whenever  the 
stream  reaches  the  coasts  of  Europe,  its  influence  on  our  cli- 
mate must  necessarily  occasion  winters  like  that  of  1821- 
1822,  or  1845-1846.  It  is  reasonable  to  believe  that  there 
may  be  degrees  of  initial  velocity  between  that  which  is  usual 
and  that  which  is  extreme.  There  may  also  be  counteracting 
or  qualifying  causes  with  which  we  are  as  yet  wholly  unac- 
quainted. The  object  of  this  communication  is  rather  to  re- 
call to  recollection,  on  the  occasion  of  the  present  remarkable 
winter,  the  coincidence  that  was  discovered  between  the  simi- 
lar winter  in  1821-1822,  and  the  extension  of  the  stream; 
and  to  promote  the  adoption  of  such  simple  means  as  may 
supply  additional  evidence,  whereby  we  may  discern  between 
coincidence  observed  on  a  single  occasion,  and  connexion 
which  may  be  established  by  the  observation  of  repeated  co- 
incidence. I  am,  Gentlemen, 

Your  obedient  Servant, 

Woolwich,  March  17th,  1846.  Edward  Sabine. 


LI.  Observations  on  the  Recent  Researches  of  Prof.  Faraday. 
By  M.  Pouillet*. 

TTpOR  some  months  past  there  has  been  much  talk  about  a 
-*-  hew  series  of  researches  by  M.  Faraday,  the  result  of 
which  was  one  of  the  most  important  discoveries,  the  action 
of  magnetism  on  light.  Two  authentic  documents  have  at 
length  reached  us  on  this  subject ;  one  is  published  in  the 
January  number  of  the  Philosophical  Magazine,  being  an  ab- 
stract of  the  sitting  of  the  Royal  Society  of  the  27th  of  No- 
vember, the  other  was  communicated  at  the  last  meeting  of  the 
French  Academy  by  M.  Dumas  in  the  name  of  Mr.  Faraday 
himself.  Various  results  are  announced  in  these  two  publi- 
cations, but  only  one  fact  is  presented  with  some  development, 

*  Translated  from  the  Comptes  Rendus,  for  January  26,  1846. — The  re- 
searches of  Prof.  Faraday,  referred  to  in  this  paper,  are  given  entire  in  our 
present  Number. 
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it  is  that  which  relates  to  the  action  of  an  electro-magnet  on  a 
ray  of  polarized  light  in  turning  its  plane  of  polarization  either 
to  the  right  or  left,  according  to  the  relative  directions  of  the 
luminous  ray  and  of  the  resultant  of  the  magnetic  actions. 

This  fact  is  justly  considered  by  Faraday  as  a  fundamental 
one,  for  hitherto  there  is  nothing  analogous  in  science ;  and 
it  constitutes  of  itself  a  discovery  of  the  very  highest  import- 
ance. Undoubtedly  many  persons  have  hastened  to  repeat 
and  investigate  it  in  order  to  ascertain  its  perfect  accuracy, 
and  to  find  out  the  most  marked  characters  and  the  most 
essential  conditions.  Immediately  after  having  read  the  Philo- 
sophical Magazine  I  set  to  work,  as  I  stated  at  the  last  meeting 
of  the  Academy,  but  my  first  trials  having  been  without  re- 
sult, and  other  persons  not  having  been  more  fortunate  than 
myself  in  the  attempt,  it  appeared  to  me  necessary  to  resume 
them  with  greater  attention,  varying  the  mode  of  experiment 
and  making  up  in  the  best  manner  I  was  able  for  the  want 
of  precision  in  the  directions  which  had  come  to  my  know- 
ledge. 

I  hasten  to  lay  before  the  Academy  today  the  result  of 
these  researches,  and  with  a  twofold  motive ;  in  the  first  place, 
to  render  homage  to  the  author  of  the  discovery,  and  in  the 
next  place,  to  furnish  those  physicists  who  may  desire  to 
follow  this  new  path  of  science  with  some  indications  that 
may  be  of  service  to  them,  if,  as  I  believe,  they  add  anything 
to  what  has  hitherto  been  published  on  the  subject. 

The  apparatus  employed  by  me*  is  composed, —  1st,  of  a  Bun- 
sen's  battery;  2nd,  of  one  or  more  electro-magnets ;  3rd,  of  M. 
Soleil's  instrument  for  exhibiting  the  least  angular  displace- 
ments of  the  planes  of  polarization ;  4th,  of  the  various  sub- 
stances to  be  submitted  to  examination.  The  elements  of  the 
Bunsen's  battery  are  of  the  ordinary  size ;  in  the  majority  of 
cases  ten  suffice  to  render  the  phenomenon  perceptible ;  but 
to  measure  it  and  to  compare  the  intensities  with  a  certain 
approximation,  forty,  fifty,  and  even  100  elements  must  be 
employed.  The  electro-magnets  are  capable  of  supporting 
1600  pounds  when  excited  by  a  battery  of  twenty  pairs. 
They  are  soft  iron  cylinders,  seven  to  eight  centimetres  in 
diameter  and  about  fifty  centimetres  in  length,  which  are 
curved  in  a  horse-shoe  form,  the  distance  of  the  axes  of  the 
two  arms  or  poles  being  not  more  than  fifteen  to  twelve  centi- 
metres. From  500  to  600  metres  of  copper  wire,  coated  twice 
with  silk,  are  wound  round  each  arm.  The  instrument  of 
M.  Soleil  is  composed  of  two  parts,  one  objective,  the  other 
ocular.  The  objective  part,  or  that  which  is  turned  towards 
the  light,  is  nothing  more  than  a  Nicol's  prism,  behind  which 
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is  a  system  of  two  juxtaposed  plates  of  quartz  cemented  by 
one  margin,  and  worked  together  in  order  to  fulfill  a  double 
condition  of  giving  them  exactly  the  same  thickness  and  ren- 
dering each  perfectly  perpendicular  to  the  axis.  The  surface 
of  junction  of  these  plates  being  parallel  to  the  pencil  of  light 
and  occupying  the  centre  of  its  breadth,  it  is  evident  that  the 
first  half  of  the  pencil  traverses  one  of  the  plates  only,  and 
the  second  half  the  other  plate ;  and  as  they  were  selected  of 
opposite  rotatory  power,  the  first  half  of  the  polarized  pencil 
is  found  to  have  its  planes  of  polarization  deviated,  for  instance 
towards  the  right,  by  a  certain  angle,  and  the  second  half,  on 
the  contrary,  has  its  planes  of  polarization  deviated  towards 
the  left  by  a  perfectly  equal  angular  magnitude.  The  magni- 
tude of  these  deviations  depends  on  the  common  thickness  of 
the  two  plates,  which  is  usually  from  five  to  six  millimetres. 

The  ocular  portion,  or  that  directed  towards  the  eye,  con- 
sists, in  the  first  place,  of  a  thick  plate  of  rock-crystal,  like- 
wise perpendicular  to  the  axis,  having  for  instance  a  rotatory 
power  to  the  right,  and  a  thickness  of  five  millimetres  very 
accurately  determined  by  the  spherometer.  Behind  this  plate 
is  the  compensator,  composed  of  two  equal  prismatic  plates, 
provided  with  a  similar  rotatory  power  towards  the  left,  i.  e. 
in  a  contrary  direction  to  the  first.  These  two  prisms,  op- 
posed like  two  wedges  by  their  acute  angle,  are  moved  simul- 
taneously by  the  same  spring ;  they  slide  one  upon  the  other, 
to  be  arranged  sometimes  by  their  less  sometimes  by  their 
greater  thickness,  and  thus  always  form  a  system  equivalent 
to  a  parallel  plate,  but  one  which  would  vary  from  the  thick- 
ness 0  to  nearly  double  that  of  the  base  of  each  prism.  To 
avoid  the  deviations  which  the  light  might  experience  from 
the  variable  distance  of  these  prisms  and  the  obliquity  of  the 
surfaces,  each  one  is  compensated  by  a  glass  prism. 

Lastly,  behind  the  compensator  is  a  doubly  refracting 
achromatic  prism  and  a  small  Gallilean  telescope,  to  which 
the  eye  is  applied  to  observe  the  pencil  of  light  which  has 
passed  both  the  objective  portion,  the  intermediate  bodies 
submitted  to  examination,  and  the  ocular  portion  of  the 
instrument. 

The  graduation  of  the  compensator  is  easily  made;  and  when 
this  has  once  been  done  with  sufficient  care,  the  instrument 
indicates  that  the  cause,  whatever  it  be,  which  produces  the 
deviation  in  the  plane  of  polarization  has  an  intensity  equiva- 
lent to  that  of  a  plate  of  quartz  of  a  known  thickness ;  always, 
be  it  understood,  on  the  condition  that  this  cause  exercises 
on  the  various  simple  lights  actions  comparable  to  that  which 
the  quartz  exercises. 
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The  instrument  of  M.  Soleil,  the  construction  of  which  I 
have  just  described,  must  be  separated  into  two  parts  for  the 
experiments  under  consideration.  The  objective  and  the 
ocular  parts  were  mounted  separately  on  my  frame  of  diffrac- 
tion*, which  is  most  readily  adapted  for  all  the  researches  in 
which  it  is  required  to  centre  the  apparatus  on  the  same 
axis.  A  common  lamp  is  placed  before  the  objective  part, 
and  a  strong  magnifier  gives  a  pencil  of  light  closely  parallel, 
which  being  propagated  in  the  direction  of  the  common  axis, 
traverses  successively  the  object-glass,  the  pieces  subjected  to 
the  test,  and  the  ocular;  the  distance  between  the  objective 
and  the  ocular  may  vary  between  tolerably  distant  limits,  for 
it  may  extend  to  nearly  two  metres,  or  only  to  a  few  centi- 
metres, according  to  the  nature  of  the  observations. 

It  is  "important  to  remark  that  the  pencil  of  light  is  always 
horizontal,  and  the  apparatus  was  accidentally  arranged  so 
that  the  light  was  propagated  from  south  to  north,  which  may 
assist  us  to  define  more  easily  the  relative  positions  of  the 
polarized  ray,  of  the  electro-magnets,  and  of  the  bodies  on 
which  they  act. 

The  electro-magnet  is  horizontal,  that  is  to  say,  the  plane 
of  the  axes  of  its  two  branches  is  horizontal,  and  precisely  at 
the  height  of  the  pencil  of  light  which  traverses  the  appara- 
tus ;  moreover,  the  vertical  plane,  formed  by  the  extremities 
of  the  two  branches  or  by  the  poles  of  the  electro-magnet,  is 
parallel  to  this  pencil,  and  may  approach  it  more  or  less. 
This  being  settled,  if  it  be  desired  to  submit  to  experiment, 
for  example,  a  parallelopipedon  of  flint-glass  of  ten  or  twelve 
centimetres  in  length  and  terminated  perpendicularly  to  its 
length  by  two  parallel  planes,  this  parallelopipedon  is  first 
arranged  so  that  the  ray  polarized  by  the  objective  traverses 
it  in  the  direction  of  its  axis,  and  if  the  flint-glass  is  pure  and 
well-annealed,  as  it  must  be  for  the  success  of  the  experiment, 
its  interposition  produces  neither  deviation  nor  coloration  in 
the  ray  of  light.  The  electro-magnet  is  then  approached,  ar- 
ranging it  in  the  same  manner  as  if  the  piece  of  flint-glass  were 
a  piece  of  iron  to  close  it,  and  there  is  even  no  inconvenience 
in  arranging  it  so  that  the  two  poles  of  the  electro-magnet  are 
in  contact  with  the  flint-glass ;  the  middle  of  the  length  of  the 
latter  corresponds  consequently  to  the  interval  which  exists 
between  the  two  arms  of  the  electro-magnet. 

When  these  arrangements  have  been  made,  a  current  is 

passed,  and  suddenly  it  is  seen  that  the  two  tints  of  the  red 

image,  which  correspond  to  the  two  opposed  plates  of  the 

quartz  of  the  object-glass,  cease  to  be  identical.     Let  us  sup- 

*  See  my  Elements  de  Physique,  4th  edition,  vol.  ii.  pi.  26. 
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pose,  for  example,  that  the  one  on  the  right  has  turned  blue ; 
if  the  current  is  passed  in  a  contrary  direction,  it  is  that  on 
the  left  which  this  time  turns  blue  in  the  same  manner. 
Thus,  by  reversing  the  poles  of  the  electro- magnet,  the  action 
which  it  exercises  on  the  flint-glass,  or  on  the  light  which 
traverses  it,  is  also  suddenly  reversed.  Here  then  we  see  the 
action  in  question  rendered  evident  in  the  most  striking  and 
incontestable  manner. 

In  the  circumstances  of  which  I  have  just  spoken,  ten  ele- 
ments are  more  than  sufficient  to  exhibit  it  to  a  practised  eye ; 
but  with  a  hundred  elements,  it  assumes  such  an  intensity 
that  persons  the  most  unaccustomed  to  these  kind  of  observa- 
tions could  not  fail  to  perceive  it  as  a  perfectly  characterized 
phaenomenon. 

Before  seeking  to  ascertain  whether  this  effect,  at  once  so 
novel  and  so  extraordinary,  results  from  a  direct  action  of  the 
magnetic  fluid  upon  light,  or  from  an  indirect  action,  in  which 
the  ponderable  matter  of  the  flint-glass  intervenes,  or  at  least 
the  collective  forces  to  which  this  matter  is  subjected  in  order 
to  exist  in  molecular  equilibrium,  it  is  necessary  first  to  de- 
termine precisely  what  is  the  nature  of  the  effect  produced, 
and  to  seek  above  all  to  measure  its  intensity,  in  order  to 
ascertain  what  are  the  conditions  under  which  the  phaenome- 
non is  shown  with  the  greatest  energy. 

For  this  purpose,  instead  of  observing  directly  the  coloured 
tints  which  the  quartz  gives  by  the  lamp  perpendicular  to  the 
axis,  it  is  necessary  to  recompose  what  M.  Biot  has  called 
the  tint  of  passage.  This  is  done  by  placing  before  the  ob- 
jective several  systems  of  blue  and  greenish  glasses ;  but  I 
found  in  the  cabinet  of  the  Conservatoire  some  glasses  very 
slightly  coloured  blue,  which  give  to  this  tint  a  sensitiveness 
still  greater  than  that  obtainable  by  other  means.  When 
these  glasses  are  interposed  in  the  pencil,  the  tints  of  the 
quartz  become  of  a  light  lilac,  on  which  the  least  changes  of 
shade  are  appreciable ;  the  uncertainties  which  are  presented 
by  the  zero  of  the  compensator  disappear,  and  it  becomes 
possible  not  only  to  perceive,  but  to  measure  the  effects  which 
correspond  to  thicknesses  of  quartz  of  a  hundredth  of  a  milli- 
metre. 

The  instrument  thus  modified,  the  compensator  being  at 
zero,  and  the  polarizing  prisms  of  the  object-glass  and  of  the 
ocular  being  suitably  regulated  in  their  relative  positions,  the 
experiment  may  be  proceeded  with ;  only  there  is  one  thing 
which  requires  mention,  not  to  pay  attention  to  the  yellow 
image,  but  to  look  exclusively  at  the  lilac  image,  the  two 
halves  of  which  are  then  exactly  of  the  same  shade. 
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As  soon  as  the  current  passes,  one  of  the  halves  of  this 
image,  for  instance  that  on  the  right,  is  seen  to  turn  blue ;  we 
observe  that  this  tint  is  persistent  as  the  current  itself,  and 
we  may  be  convinced  that,  from  the  first  instant,  it  acquired 
its  whole  value,  that  is  to  say,  that  the  prolonged  duration  of 
the  action  adds  nothing  perceptible  to  it.  The  compensator  is 
then  moved  in  the  proper  direction  ;  the  difference  of  the  tints 
gradually  disappears  in  proportion  as  it  advances,  and  with  a 
little  practice  the  point  at  which  the  equality  is  re-established 
is  soon  found.  The  number  of  divisions  is  noted  down,  and 
we  thus  obtain  a  measure,  or  at  least  an  approximate  measure 
of  the  effect  produced, —  say  twenty  divisions. 

When  subsequently  the  current  is  passed  in  a  contrary  di- 
rection, it  is  the  other  half  of  the  tint,  that  to  the  left,  which 
turns  blue,  and  it  is  in  the  other  direction  that  the  compen- 
sator has  to  be  moved  to  re-establish  the  equality.  No  inter- 
val of  time  is  appreciable  between  the  change  of  the  current 
and  the  change  of  effect  upon  the  light,  and  it  is  again  instan- 
taneously that  the  tint  takes  all  its  value.  When  the  optical  ap- 
paratus is  well-adjusted,  and  the  electrical  communications  are 
equally  good  in  both  directions,  the  ground  gone  over  by  the 
compensator  is  the  same  in  the  two  cases,  that  is  to  say,  that 
if  it  progressed  in  the  first  twenty  divisions  to  the  right,  it 
should  in  the  second  proceed  twenty  degrees  to  the  left. 

These  opposite  effects  and  the  corresponding  measures  may 
be  repeated  indefinitely,  either  with  the  same  or  a  different 
number  of  pairs  of  the  battery ;  and  a  few  hours  are  sufficient, 
during  which  the  action  of  the  battery  is  nearly  constant,  to 
pass  in  review  a  great  number  of  diaphanous  substances,  and 
to  obtain  a  first  approximation  on  the  relative  sensitiveness 
with  which  they  obey  the  magnetic  influence. 

When  the  substances  submitted  to  the  test  are  more  or  less 
coloured,  it  is  necessary  to  vary  the  systems  of  glasses  intended 
to  produce  the  tint  of  passage,  and  we  do  not  always  succeed 
in  composing  a  tint  equally  delicate  and  easy  of  observation. 
It  might  happen  consequently  that  some  substances,  even 
slightly  coloured,  when  submitted  to  these  modes  of  observa- 
tion, would  appear  much  less  energetic  than  they  are  in 
reality. 

Let  us  pause  then  at  the  diaphanous  substances,  and  ob- 
serve that  in  the  experiment  with  the  flint-glass  cited  above, 
it  was  necessary  to  advance  the  compensator  twenty  divisions 
to  the  right  and  twenty  divisions  to  the  left,  according  as  the 
current  passed  in  one  direction  or  the  other.  Let  us  bear  in 
mind,  that  if,  instead  of  interposing  on  the  passage  of  the 
pencil  a  prism  of  flint-glass  submitted  to  the  electro-magnet, 
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there  had  been  interposed,  without  magnetic  action,  a  lamina 
of  quartz  perpendicular  to  the  axis,  of  a  proper  thickness, 
turning  to  the  right  in  the  first  case  and  to  the  left  in  the 
second,  it  is  certain  that  the  equality  of  the  tints  would  have 
been  re-established  by  the  same  movements  of  the  compen- 
sator. Now,  it  is  known  that  the  effect  produced  by  such  a 
lamina  of  quartz  would  have  been  to  turn  the  plane  of  pola- 
rization from  right  to  left,  whence  it  seems  very  natural  and 
legitimate  to  conclude,  that  the  flint-glass  subjected  to  the 
magnetic  action  has  produced  the  same  effect  as  this  lamina 
of  quartz,  that  is  to  say,  that  it  has  also  turned  the  plane  of 
polarization  to  the  right  for  one  direction  of  current,  and  to 
the  left  for  the  contrary  direction.  This  is,  in  fact,  the  con- 
clusion to  which  Mr.  Faraday  has  come,  and  he  has  charac- 
terized this  new  action  of  magnetism  upon  light,  by  stating 
that  the  magnetism  turns  the  plane  of  polarization  of  the 
luminous  ray  submitted  to  its  influence  under  certain  condi- 
tions, and  that  the  direction  of  this  rotation  is  connected  with 
that  of  the  current. 

Quartz,  and  the  other  substances  which,  of  themselves,  by 
their  nature  or  structure  have,  without  the  intervention  of 
magnetism,  the  permanent  property  of  turning  the  planes  of 
polarization,  exert  this  action  with  variable  intensities  on 
the  different  elements  constituting  white  light;  and  there 
are  dispersive  powers  for  this  rotation,  as  there  are  dif- 
ferent dispersive  powers  for  refraction.  It  would  be  very 
important  to  make  in  this  respect  some  researches  upon  the 
substances  which  acquire  this  property  by  the  magnetic 
action,  analogous  to  those  very  remarkable  ones  which  M. 
Biot  made  upon  the  former.  The  apparatus  which  I  have 
used  must  be  very  much  modified  to  be  adapted  to  this  class 
of  experiments ;  it  serves  to  show  the  phaenomena  very  di- 
stinctly, rather  than  to  measure  them  in  their  more  delicate 
details.  Such  an  investigation,  however,  cannot  be  under- 
taken with  phaenomena  so  little  developed  as  those  which  I 
have  obtained;  for  in  such  limits  they  might  perhaps  be  as 
well  explained  by  partial  depolarizations  towards  the  right 
and  left  as  by  the  rotation  itself  of  the  plane  of  polarization, 
which,  moreover,  would  not  detract  anything,  and  would 
perhaps  add  to  their  importance. 

As  I  just  stated,  the  plane  of  polarization,  in  that  specimen 
of  the  flint-glass  which  gave  the  most  energetic  effects,  was 
diverted  by  the  magnetic  action  as  much  as  it  would  have  been 
by  the  action  of  a  plate  of  quartz  two-tenths  of  a  millimetre 
in  thickness  ;  now,  since  by  changing  the  direction  of  the  cur- 
rent, the  rotation  takes  place  in  an  opposite  direction,  it  is  seen 
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that  the  total  effect  obtained  by  passing  from  the  magnetic 
action  which  is  exerted  in  one  direction  to  that  which  is  ex- 
erted in  the  other,  is  equal  to  that  which  would  be  produced 
by  a  plate  of  quartz  four-tenths  of  a  millimetre  in  thickness. 
Such,  up  to  the  present  time,  is  the  maximum  effect  which 
I  have  been  able  to  obtain.  As  we  have  now  a  means  of  com- 
paring the  intensities  of  this  force,  it  will  be  very  easy  to  see 
how  it  will  be  modified  by  the  different  relative  positions  of 
the  electro-magnet  and  of  the  piece  of  flint-glass. 

The  following  are  the  observations  I  have  made  with  respect 
to  this  point : — 

1.  If,  instead  of  placing  the  electro-magnet  in  contact  with 
the  piece  of  flint-glass,  it  is  removed  parallel  to  itself  in  the 
same  horizontal  plane,  and  so  that  the  vertical  plane  separa- 
ting the  two  arms  corresponds  always  to  the  middle  of  the 
flint-glass,  the  action  diminishes,  but  feebly  in  proportion  as 
the  distance  increases,  so  that  at  the  distance  of  ten  centi- 
metres, it  is  still  a  considerable  proportion  of  what  it  was 
when  it  was  actually  in  contact. 

2.  If  the  electro-magnet  is  again  placed  in  contact,  and  the 
piece  of  flint-glass  slid  in  the  direction  of  the  ray  of  light  to 
subject  it  to  the  action  of  one  only  of  the  poles  of  the  magnet, 
a  moment  arrives  when  the  action  is  wholly  null ;  then,  if  it 
is  still  slid  in  the  same  direction,  removing  it  more  and  more 
from  its  primitive  position,  until  it  is  placed  beyond  the  pole 
to  which  it  is  submitted,  the  action  begins  anew ;  but  then 
it  is  contrary  to  what  it  was  at  first. 

These  observations  appear  to  lead  to  three  important  con- 
sequences : — 

It  first  results,  that  if  we  consider  the  unknown  action  of 
the  magnet  on  the  flint-glass  as  being  produced  by  attractions 
and  repulsions,  the  effect  is  null  when  the  resultant  of  these 
attractive  and  repulsive  forces  is  perpendicular  to  the  direc- 
tion of  the  polarized  ray ;  and  it  is  at  its  maximum,  on  the 
contrary,  when  this  resultant  is  parallel  to  the  ray.  We  may 
thus,  from  these  considerations,  form  a  just  idea  of  the  direc- 
tion in  which  it  acts,  for  in  considering,  always  hypothetically, 
the  piece  of  flint-glass  as  a  piece  of  soft  iron,  acquiring  two 
poles  from  the  influence  of  the  magnet,  the  movement  of  the 
plane  of  polarization  occurs  to  the  right  when  the  light  enters 
by  the  south  pole,  and  proceeds  from  the  south  to  the  north 
pole,  and  it  occurs  to  the  left  when  the  light  enters  by  the 
north  pole ;  consequently,  whatever  be  the  position  of  the 
piece  of  flint-glass,  if  two  observations  are  made  on  it  without 
touching  it,  and  without  disarranging  the  electrical  apparatus, 
but  merely  turning  the  optical  apparatus  to  cause  the  light 
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to  enter  successively  in  the  two  directions,  we  shall  see,  in 
the  first  case,  the  effect  to  the  right,  and  in  the  second  the 
effect  to  the  left,  which  establishes,  as  Mr.  Faraday  has  pointed 
out,  a  difference,  at  least  apparent,  between  the  substances 
which  have  the  permanent  property  of  turning  the  planes  of 
polarization  and  those  which  acquire  it  by  magnetic  action. 

In  the  second  place  it  results,  that  on  experimenting  in  this 
way  care  must  be  taken  to  give  to  the  pieces  subjected  to  the 
electro-magnet  a  length  greater  than  the  distance  of  the  axes 
of  the  two  arms ;  for  the  portions  which  would  exceed  those 
axes  would  receive  similar  modifications  among  one  another, 
and  opposed  to  that  which  the  central  portion  would  receive ; 
it  may  even  be  presumed  that  the  compensation  might  obtain 
exactly,  so  that  with  a  connecting  piece  exceeding  the  breadth 
of  the  magnet,  the  action  might  be  perfectly  null.  This  re- 
sult seems  to  me  opposed  to  that  which  is  pointed  out  by 
Mr.  Faraday,  namely,  that  the  effect  is  proportional  to  the 
length  of  the  piece  subjected  to  the  experiments. 

It  results,  lastly,  that  in  order  to  obtain  a  greater  effect,  two 
electro-magnets,  opposed  to  one  another,  may  be  presented 
to  the  piece  of  flint-glass,  so  that  the  poles  of  the  same  name 
face  one  another.  This  I  have  verified,  and  it  is  even  by  the 
assistance  of  two  electro-magnets  thus  opposed  that  I  have 
obtained,  the  maximum  effect  of  which  I  have  spoken  above. 
By  placing  thus  several  similar  systems  in  succession  on  the 
same  pencil,  the  effect  would  be,  without  doubt,  tripled,  &c. 

It  has  appeared  to  me  very  important  to  examine  whether 
the  position  of  the  plane  of  polarization,  with  relation  to  the 
horizontal  plane  of  the  electro-magnet,  had  any  influence  on 
the  energy  of  the  action  ;  but  whether  the  plane  of  polariza- 
tion be  itself  horizontal,  vertical  or  intermediate,  the  results 
appeared  to  me  to  remain  perceptibly  the  same. 

I  have  hitherto  spoken  only  of  flint-glass,  but  I  have  sub- 
jected to  experiment  all  the  other  solid  transparent  bodies 
which  I  have  been  able  to  procure ;  for  instance,  various 
kinds  of  flint-glass,  and  doubtless  of  different  composition, 
crown-glass,  and  glass  of  all  kinds,  coloured  with  copper, 
gold,  chromium,  &c,  and  also  rock-salt.  All  these  bodies 
present,  although  with  less  intensity,  the  same  phenomena 
as  the  flint-glass ;  unfortunately  the  samples  of  crown-glass 
are  sometimes  so  annealed  as  to  modify  the  colours,  and  which 
does  not  allow  of  their  being  compared  with  other  bodies ; 
nevertheless,  after  the  attempts  which  I  have  been  able  to 
make  on  some  less  imperfect  specimens,  I  am  led  to  think 
that  the  action  of  the  crown-glass  has  an  intensity  comprised 
between  the  half  and  the  two- thirds  of  that  of  the  flint-glass. 
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The  chloride  of  sodium  has  an  action  very  analogous  to  that 
of  the  flint-glass. 

I  have  also  subjected  to  experiment  some  transparent  or 
coloured  liquids ;  these  experiments  were  made  in  a  trough 
formed  of  parallel  glasses,  having  a  length  of  thirteen  centi- 
metres, equal  to  the  distance  of  the  axes  of  the  electro-mag- 
nets, a  breadth  of  three  centimetres,  and  a  depth  of  five  centi- 
metres. The  trough  being  empty,  and  the  electro-magnets 
being  in  action,  no  sensible  effect  was  produced  by  the  pa- 
rallel glasses  which  formed  the  extremities. 

The  intensity  of  all  these  liquids  is  very  nearly  equal  to 
that  of  the  crown-glass;  the  most  energetic  however  ap- 
peared to  me  to  be  olive  oil,  distilled  water,  concentrated 
ammonia,  and  pure  nitric  acid ;  and  the  less  energetic,  acetic 
acid,  sulphuric  acid,  ferrocyanide  of  potassium,  and  ferrocya- 
nate  of  magnesia.  It  appeared  to  me  certain  that  several 
bodies  dissolved  in  distilled  water  weakened  its  effects. 

Mr.  Faraday  states  that  manganese,  chromium,  and  cerium 
are  magnetic  after  the  manner  of  iron,  and  that  all  the  com- 
pounds of  these  bodies  preserve  this  property  more  or  less. 
I  had  long  ago  proved  the  first  fact  for  manganese,  and  in 
the  course  of  last  summer  I  proved  it  for  very  pure  chromium 
obtained  by  the  battery,  both  from  chromic  acid  and  from 
sulphate  of  chromium.  With  regard  to  the  magnetic  com- 
pounds, I  have  studied  them  recently  by  a  very  simple  and 
very  easy  process,  which  consists  in  arranging  a  powerful 
electro-magnet,  with  its  poles  at  top,  forming  a  horizontal 
plane ;  a  thin  paper  is  stretched  over  each  pole,  in  contact 
with  the  iron  itself,  and  it  is  then  only  requisite  to  throw 
upon  this  paper  some  very  fine  particles  of  the  substance  to 
be  examined,  and  to  give  the  paper  some  slight  vibrations, 
which  put  them  in  motion.  The  particles  arrange  and  fix 
themselves  on  the  circle  which  corresponds  to  the  terminal 
bar  of  the  iron  of  the  electro-magnet,  and  describe  the  circle 
with  great  precision.  By  this  means  I  have  ascertained  that 
almost  all  the  compounds  of  magnetic  metals  are,  in  fact, 
more  or  less  magnetic ;  prussian  blue  and  the  sesquichloride 
of  chromium  (of  M.  Peligot)  are  so  in  a  remarkable  manner. 
There  are  some  compounds  however  which  are  exceptions  to 
this  rule ;  such,  for  example,  are  the  double  cyanide  of  iron 
and  of  potassium,  the  chromate  of  silver,  and  the  bichromate 
of  potass. 

Other  metals,  as  platina  sponge  and  arsenic,  exhibit  a  per- 
ceptible action ;  but  it  would  require  to  be  verified  on  per- 
fectly pure  specimens. 

Bismuth  presents  other  phenomena;  instead  of  forming  a 
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circle,  like  the  magnetic  metals,  it  forms  two  concentric 
circles,  leaving  thus  a  narrow  white  band,  in  the  very  place 
where  the  other  metals  form  a  circle,  as  if  it  were  repelled 
by  the  more  lively  action  of  the  iron  armature  of  the  magnet. 
The  effect  is  so  marked,  that  on  mixing,  for  example,  some 
sesquichloride  of  chromium  very  finely  pulverized  with  some 
bismuth,  likewise  in  very  fine  powder,  the  violet  circle  of  the 
chloride  is  seen,  and  the  two  circles  of  the  bismuth  which  are 
separate  from  them,  although  very  near.  Amber  seems  to 
give  the  same  appearances  as  the  bismuth,  though  in  a  much 
weaker  degree. 

No  attractive  or  repulsive  effect  is  observed  by  this  means, 
either  on  very  pure  antimony  or  on  the  other  metals,  binary 
or  other  compounds  (among  the  rare  metals,  I  have  only 
experimented  on  tellurium  and  the  uranium  of  M.  Peligot), 
nor  on  the  alkalies,  sulphur,  iodine,  charcoal,  and  diamond. 
I  regret  that  I  had  not  at  my  disposal  either  cerium  or  any 
of  its  compounds. 

These  negative  results  cannot  invalidate  in  the  least  the 
general  proposition  of  M.  Faraday,  who  has  doubtless  ope- 
rated with  more  delicate  means  or  with  more  energetic  mag- 
nets. I  merely  mention  them  here  to  point  out  the  easy  pro- 
cess which  I  have  employed,  and  the  limit  of  its  sensibility. 

There  is  another  process  for  investigating  the  magnetic 
properties, — that  which  was  employed  by  Coulomb  when  he 
discovered  that  all  bodies  are  subject  to  the  influence  of  mag- 
nets, and  which  has  been  since  employed  in  the  same  view  by 
many  experimentalists,  and  very  recently  by  M.  Ed.  Becquerel 
(Comptes  Rendus,  vol.  xx.  p.  1708).  Mr.  Faraday  appears  to 
have  employed  it ;  but  doubtless,  from  the  weakness  of  my 
electro-magnets,  although  excited  by  a  battery  of  100  pairs, 
I  have  not  obtained  the  same  results  as  he ;  in  my  experi- 
ments, bismuth  and  amber  are  the  only  two  substances  which 
took  a  direction  perpendicular  to  the  line  of  the  poles,  and 
without  doubt  the  relation  existing  between  this  direction  of 
the  bismuth  and  the  effect  of  repulsion  which  the  fine  pow- 
der of  that  body  experiences  from  the  part  of  the  armature  of 
the  magnet  will  appear  highly  remarkable.  These  two  me- 
chanical actions  of  magnetism  upon  bodies — the  attraction 
and  repulsion  of  fine  powders,  placed  almost  in  contact  with 
one  of  the  poles,  and  the  direction  given  to  more  considerable 
masses,  oscillating  in  the  presence  of  the  two  poles — appear 
therefore  to  be  dependent  one  upon  the  other ;  but  in  what 
degree  are  they  connected  with  the  third  action,  the  optical 
action  which  Mr.  Faraday  has  just  discovered? 

Admitting  with  this  philosopher  that  all  the  substances 
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which  are  not  magnetic  after  the  manner  of  iron,  are  diamay- 
netic  or  magnetic  after  the  manner  of  bismuth,  we  should  be 
led  to  conclude  immediately  that  the  optical  action  being  con- 
comitant with  a  certain  mechanical  action,  it  is  at  least  pre- 
sumable that  this  action  is  exerted  upon  the  bodies,  and  not, 
directly  and  immediately  on  the  light  which  passes  through 
them. 

But  if  it  happens,  as  in  my  experiments,  either  from  the 
relative  weakness  of  my  magnets  or  from  the  imperfection  of 
the  methods  which  I  have  employed,  or  from  other  causes — 
if  it  happens  that  the  various  kinds  of  glasses,  distilled  water, 
the  fatty  bodies,  &c,  which  are  so  sensitive  to  the  optical 
action,  are  nevertheless  insensible  to  the  mechanical  action 
of  the  magnetism,  it  would  not  be  a  reason  to  conclude  that 
magnetism  acts  directly  upon  the  light  itself;  a  conclusion 
which,  moreover,  would  only  have  a  precise  meaning  in  the 
system  of  emission,  for  in  the  undulatory  theory,  which 
seems  at  present  so  completely  demonstrated,  it  is  the  aether 
of  the  body  submitted  to  the  experiment  which  would  be 
modified  by  the  magnetism,  and  it  would  doubtless  be  very 
difficult  to  recognise  whether  it  is  modified  without  any  par- 
ticipation of  the  ponderable  matter  of  the  body  with  which 
it  is  so  intimately  connected. 


LI  I.  On  the  Aberration  of  Light.     By  G.  G.  Stokes,  M.A., 
Fellow  of  Pembroke  College,  Cambridge*. 

T  WISH  to  say  a  few  words  more  on  the  subject  of  aberra- 
"  tion,  to  prevent  misapprehension.  It  is  evident  from  Prof. 
Challis's  last  communication,  that  we  differ  merely  as  to  the 
phenomenon  which  we  understand  by  the  term  "  aberration 
of  light."  When  the  position  of  a  star  has  been  corrected  for 
refraction,  precession,  and  nutation,  and  proper  motion  if  it 
has  any,  let  s  be  its  mean  annual  place  referred  to  the  celestial 
sphere,  sx  the  point  to  which  the  star  is  referred  by  astrono- 
mical measurement,  and  s2  the  point  in  which  the  sphere  is 
cut  by  the  line  along  which  the  light  comes  from  the  star, 
produced  backwards,  s2  being  corrected  in  the  same  manner 
as  sv  It  is  shown  by  observation  that  sx  is  displaced  from  s 
towards  the  point  towards  which  the  earth  is  moving,  through 
an  angle  equal  to  the  ratio  of  the  velocity  of  the  earth  to  that 
of  light  multiplied  by  the  sine  of  the  earth's  way.  This  is  the 
phenomenon  which  I  understand  by  the  aberration  of  light, 
and  which  it  was  the  object  of  one  of  my  former  communis 

*  Communicated  by  the  Author. 
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cations  to  account  for  on  the  theory  of  undulations.  But  it 
is  evident  that  what  Prof.  Challis  means  by  aberration,  is  the 
circumstance  that  sx  is  displaced  from  s2  through  the  angle 
which  I  have  mentioned.  Prof.  Challis's  reasoning,  by  his 
own  confession,  does  not  explain  aberration  in  the  sense  in 
which  I  used  the  word ;  for  he  says  that  it  follows  from  ob- 
servation (not  theory  alone),  that  s2  coincides  with  s. 


LI II.  Intelligence  and  Miscellaneous  Articles. 

ANALYSIS  OF  DIASPORE  FROM  SIBERIA. 
BY  M.  A.  DAMOUR. 

rr,HE  remarkable  characters  of  diaspore  have  frequently  attracted 
■*•  the  attention  of  mineralogists,  and  have  been  extremely  well  de- 
scribed and  analysed  by  MM.  Children,  Dufrenoy,  and  Hess.  The 
author  observes,  that  he  should  therefore  have  abstained  from  re- 
ferring to  them,  if  he  had  not  had  occasion  lately  to  observe  a  sin- 
gular property  of  this  mineral  which  had  not  been  previously  noticed. 
The  diaspore  is  a  well-known  hydrate  of  alumina.  It  is  shown  by 
the  experiments  of  M.  Dufrenoy,  that  tbis  mineral,  even  when  long 
boiled  in  sulphuric  acid,  not  only  resists  its  action,  but  retains  all  its 
water.  M.  Damour,  on  repeating  this  experiment,  obtained  the 
same  result ;  but  he  afterwards  found  that  the  diaspore,  when  de- 
prived of  its  water  by  calcination,  was  almost  totally  soluble  in  sul- 
phuric acid  when  assisted  by  heat. 

This  property  is  the  inverse  of  that  which  chemists  always  ob- 
serve with  respect  to  hydrates,  and  in  general  with  respect  to  sub- 
stances which  have  not  been  calcined.  In  fact,  the  greater  number 
of  these  substances  lose  their  solubility  in  acids  after  they  have  been 
heated  to  redness.  In  this  case  the  contrary  occurs :  the  peculiar 
molecular  condition  of  the  crystallized  hydrate  of  alumina,  consti- 
tuting the  diaspore,  appears  then  to  be  the  only  obstacle  to  the  na- 
tural affinity  of  this  hydrate  for  the  sulphuric  acid ;  for  calcination, 
by  destroying  this  arrangement  of  the  molecules,  restores  the  usual 
properties  of  alumina. 

M.  Damour  took  advantage  of  this  circumstance  in  order  to  sim- 
plify the  method  of  analysing  diaspore. 

The  mineral  was  first  purified  by  digesting  it,  reduced  to  very  fine 
powder  in  dilute  hydrochloric  acid  at  a  moderate  heat.  There  was 
dissolved  a  notable  quantity  of  oxide  of  iron  accidentally  mixed  with 
it.  The  powder,  after  washing,  was  perfectly  white.  The  propor- 
tion of  water  was  found  to  be  nearly  similar  in  three  different  ope- 
rations :  to  determine  this  the  dried  powder  of  the  mineral  was  suf- 
fered to  remain  under  a  receiver  over  a  stratum  of  pumice  moistened 
with  sulphuric  acid,  this  powder  was  weighed  and  placed  in  a  small 
covered  platina  crucible :  in  order  to  prevent  the  projection  of  the 
powdered  mineral,  the  crucible  was  placed  in  another  of  the  same 
metal ;  the  whole  being  weighed,  the  crucibles  were  submitted  to 
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the  highest  temperature  which  could  he  produced  hy  the  flame  of 
an  alcohol  eolipyle.  The  crucibles  were  cooled  in  a  receiver  with  a 
glass  stopper,  containing  fragments  of  chloride  of  calcium.  When 
perfectly  cool  they  were  again  weighed,  and  the  difference  between 
the  first  weighing  and  that  after  calcination  was  attributed  to  the 
quantity  of  water  disengaged,  and  was  14*97,  1496,  and  14*90  in 
three  experiments. 

In  order  to  act  upon  the  diaspore  deprived  of  water,  hydrated  sul- 
phuric acid  was  poured  upon  the  mineral  remaining  in  the  crucible 
in  which  it  had  been  calcined.  The  whole  was  heated  in  a  sand- 
bath  so  as  to  volatilize  the  greater  part  of  the  sulphuric  acid ;  when 
the  matter  had  become  of  a  pasty  consistence,  water  was  added, 
which  dissolved  a  great  quantity  of  sulphate  of  alumina ;  the  solu- 
tion was  poured  off,  and  more  sulphuric  acid  was  added,  and  this 
operation  was  repeated  five  times.  The  aluminous  solution  was  fil- 
tered in  order  to  separate  a  small  portion  of  a  white  earthy  deposit ; 
this,  which  had  resisted  the  prolonged  action  of  sulphuric  acid,  still 
contained  much  alumina ;  when  moistened  with  nitrate  of  cobalt 
and  heated  to  redness,  it  acquired  a  very  decided  blue  tint,  and  rea- 
dily dissolved  in  the  salt  of  phosphorus. 

The  solution  of  sulphate  of  alumina  was  supersaturated  with  car- 
bonate of  ammonia ;  the  alumina  was  collected,  washed  and  heated 
for  a  long  time  to  strong  redness.  It  was  very  white,  and  nitrate  of 
cobalt  gave  a  fine  blue  tint  to  it. 

One  hundred  parts  of  diaspore  yielded — 

Alumina     79*91 

Water    14*90 

Mineral  unacted  upon  ....        5*80 100*61 

M.  Damour  admits  that  this  analysis  is  superfluous  after  those  of 
MM.  Dufrenoy  and  Hess,  and  gives  it  merely  to  exhibit  a  property 
worthy  of  attention,  and  which  had  not  been  previously  noticed  with 
respect  to  any  mineral  whatever. — Ann.  de  Ch.  et  de  Phys.,  Mars  1 846. 


ON  BOllACIC  iETHER. 

M.  Ebelmen  having  ascertained  that  boracic  acid  is  volatilized  by 
the  vapour  of  water  and  of  alcohol,  succeeded  in  preparing,  after 
some  trials,  boracic  aether  by  the  following  process:  —  fused  and 
finely-powdered  boracic  acid  was  put  into  a  tubulated  retort,  and  an 
equal  weight  of  absolute  alcohol  was  added  to  it.  In  a  few  minutes 
the  temperature  of  the  mixture  became  122°  Fahr.,  that  of  the  atmo- 
sphere being  only  64°.  The  retort  was  heated,  and  a  thermometer 
placed  in  it  showed  that  the  liquid  did  not  begin  to  boil  until  heated 
to  about  203°,  and  its  temperature  continued  rising  from  this  point. 
At  about  230°  the  distillation  was  stopped  to  cohobate  the  distilled 
liquid,  and  it  was  again  distilled  at  230°.  The  boracic  acid  swelled 
much  during  the  operation,  and  the  liquid  which  covered  it  while  the 
distillation  was  going  on,  had  completely  imbibed  it  the  following 
day.  The  distilled  liquid  had  the  slightly  alliaceous  smell  of  abso- 
lute alcohol,  became  very  turbid  on  admixture  with  water,  deposited 
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boracic  acid,  burnt  with  a  perfectly  green  flame,  and  yielded  abun- 
dant white  fumes  of  boracic  acid. 

The  semi-solid  mass  remaining  in  the  retort  was  bruised  and  di- 
gested during  twenty-four  hours  in  anhydrous  aether,  which  com- 
pletely disintegrated  it ;  the  aethereal  solution,  when  clear,  was 
poured  into  a  retort  placed  in  an  oil-bath,  and  fitted  with  a  conden- 
sing apparatus.  It  was  requisite  to  employ  a  temperature  of  about 
392°  Fahr.  to  obtain  the  last  traces  of  aether  and  of  alcohol.  There 
remained  in  the  retort  a  large  quantity  of  a  viscid  liquid,  of  a  slight 
amber  colour,  yielding  at  392°  Fahr.  thick  vapours  in  contact  with 
the  air,  and  which  became  solid  on  cooling. 

The  author  considers  this  product  as  boracic  aether,  and  it  ap- 
proximates in  physical  properties  to  boracic  acid  and  the  borates, 
which  are  well-known  to  assume  the  vitreous  state  by  fusion.  It  is  in 
fact  a  true  transparent  glass,  but  one  which  is  rather  soft  at  common 
temperatures  ;  at  about  104°  Fahr.  it  may  be  drawn  into  fine  threads. 
It  has  a  weak  ^ethereal  odour  and  burning  taste ;  when  applied  to 
the  skin,  it  occasions  a  strong  sensation  of  heat,  and  is  converted 
into  a  white  powder,  which  is  hydrated  boracic  acid  ;  the  same  effect 
is  produced  by  the  contact  of  air  with  the  boracic  aether,  but  when 
the  fragments  are  of  considerable  size,  it  takes  place  slowly,  eventu- 
ally however  they  become  quite  opake.  When  boracic  aether  is  tri- 
turated with  water,  it  is  very  rapidly  decomposed  with  the  extrication 
of  much  heat ;  alcohol  is  reproduced  and  may  be  obtained  by  distil- 
ling the  aqueous  liquid. 

Boracic  aether  is  volatile,  but  not  distillable ;  at  about  392°  Fahr. 
it  emits  thick  vapours  into  the  air;  but  when  distillation  is  attempted, 
it  is  decomposed,  leaving  a  considerable  residue  of  fused  boracic 
acid.  When  it  is  dissolved  in  absolute  alcohol  and  the  mixture  di- 
stilled, the  alcohol  volatilizes  such  a  quantity  of  boracic  aether,  that 
on  the  addition  of  water  it  becomes  almost  a  solid  mass. 

It  is  combustible,  and  burns  with  a  white  smoke  and  a  fine  green 
flame,  leaving  a  residue  of  fused  boracic  acid.  It  is  soluble  in  aether 
and  alcohol  in  all  proportions,  and  retains  these  fluids  with  great 
affinity,  for  it  is  requisite  to  heat  them  to  392°  Fahr.  to  remove  the 
last  traces  of  them ;  these  solutions  become  solid  masses  by  the  ad- 
dition of  water. 

When  boracic  aether  is  heated,  it  first  fuses,  then  decomposes, 
swells,  and  becomes  less  and  less  liquid.  There  are  simultaneously 
disengaged  alcohol,  which  retains  a  large  quantity  of  boracic  aether, 
and  a  colourless  gas  which  burns  with  a  green  flame  before  it  is 
washed  in  water.  After  having  been  passed  through  water,  the  gas 
burns  with  a  bright  flame,  and  possesses  all  the  properties  of  olefiant 
gas.  The  residue  of  the  decomposition  is  but  unmixed  anhydrous 
boracic  acid,  much  swelled  with  carbonaceous  matter ;  it  is  requisite 
to  heat  it  to  redness  for  a  long  time  to  expel  the  inflammable  gas. 

Great  difficulty  attends  the  analysis  of  boracic  aether ;  it  was  ef- 
fected by  converting  the  boracic  acid,  first  into  borate  of  ammonia, 
and  afterwards  into  anhydrous  boracic  acid.  The  mean  of  several 
experiments  gave — 
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Boracic  acid 66*7 

Carbon    19'8 

Hydrogen    4*4 

Oxygen  (estimated  by  loss)  .        9*1 100*0 

The  author  observes  that  the  carbon  and  hydrogen  are  in  the  same 
proportions  as  in  aether,  while  the  oxygen  is  obviously  in  excess. 
The  formula  BO6  O  H5  O  is  the  nearest  approach  to  the  above 
mean ;  it  gives — 

Boracic  acid   . .      8720  65  A 

Carbon   3000  224 

Hydrogen  ....        62*5  47 

Oxygen 1000  7'6 

13345  100-0 

M.  Ebelmen  observes  that  the  difference  between  the  results  of 
experiment  and  calculation  are  too  considerable  to  be  attributed  to 
errors  of  analysis.  It  must  be  admitted,  he  says,  that  the  boracic 
aether  contains  a  certain  excess  of  boracic  acid  disseminated  uni- 
formly throughout  the  vitreous  mass ;  this  supposition,  he  further 
observes,  is  not  at  all  improbable,  when  the  mode  of  preparing  bo- 
racic aether  is  considered. — Ann.  de  Ch.  et  de  Phys.,  Fevrier  1846. 


ACTION  OF  BORACIC  ACID  ON  PYItOXYLIC  SPIRIT. 

M.  Ebelmen  states  that  the  action  of  boracic  acid  upon  pyroxylic 
spirit  is  similar  to  that  which  it  exerts  upon  alcohol ;  when  equal 
weights  of  them  are  mixed,  great  increase  of  temperature  is  pro- 
duced. On  heating  the  retort  from  212°  to  230°  Fahr.,  but  little 
distilled  product  is  obtained ;  on  allowing  the  retort  to  cool,  and 
treating  the  matter  which  it  contains  with  anhydrous  aether,  and  ope- 
rating in  other  respects  as  for  boracic  aether  of  alcohol,  boracic  me- 
thylic  aether  is  obtained,  the  properties  of  which  are  perfectly  compa- 
rable with  those  of  boracic  aether.  It  is  soft  and  may  be  drawn  into 
threads  at  common  temperatures  ;  when  treated  with  water  it  is  im- 
mediately decomposed,  with  the  disengagement  of  much  heat,  into 
boracic  acid  and  pyroxylic  spirit ;  it  burns  like  boracic  aether,  with  a 
fine  green  flame. 

Pyroxylic  spirit  is  preferable  to  alcohol  as  a  reagent  for  determi- 
ning the  presence  of  boracic  acid  by  the  colour  of  the  flame ;  when 
the  alcoholic  solution  does  not  contain  much  boracic  acid,  the  edges 
only  of  the  flame  are  green,  and  it  is  often  difficult  to  discover  it. 
But  with  pyroxylic  spirit  it  requires  only  a  small  quantity  of  the  acid 
to  give  the  whole  flame  a  green  colour ;  this  result  is  doubtless  de- 
pendent upon  the  fact,  that  the  flame  of  the  pyroxylic  spirit  by  itself 
has  less  colour  than  that  of  alcohol. 

When  pyroxylic  spirit  is  distilled  with  a  great  excess  of  boracic 
acid,  a  colourless  gas  is  obtained  which  is  soluble  in  water,  and  whose 
properties  resemble  those  of  boracic  methylic  aether,  C2  H3  O ;  the 
mode  in  which  boracic  methylic  aether  is  decomposed  is  therefore  en- 
tirely different  from  that  of  the  corresponding  compound  of  alcohol. 

M.  Ebelmen  found  that  boracic  methylic  aether  yielded  69 -5  and 
70*6  per  cent,  of  fused  boracic  acid  by  ammonia ;  the  acid  was  black 
and  contained  a  small  quantity  of  charcoal  disseminated  through  it ; 
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the  proportion  of  acid  correspondent  to  the  formula  BOG  CQ  H3  O 
would  be  75-2  per  cent.  The  product  obtained  was  evidently  a  little 
impure,  and  contained,  besides  some  boracic  methylic  aether,  some  of 
the  compounds  of  boracic  acid  with  the  pyrogenous  compounds, 
which  it  is  so  difficult  to  separate  from  pyroxylic  spirit. — Ibid. 


ON  A  SIMPLE  METHOD  OF  PROTECTING  FROM  LIGHTNING, 
BUILDINGS  WITH  METALLIC  ROOFS.      BY  PROF.  HENRY. 

On  the  principle  of  electrical  induction,  houses  thus  covered  are 
evidently  more  liable  to  be  struck  than  those  furnished  either  with 
shingle  or  tile.  Fortunately,  however,  they  admit  of  very  simple 
means  of  perfect  protection.  It  is  evident,  from  well-established  prin- 
ciples of  electrical  action,  that  if  the  outside  of  a  house  were  encased 
entirely  in  a  coating  of  metal,  the  most  violent  discharge  which  might 
fall  upon  it  from  the  clouds  would  pass  silently  to  the  earth  without 
damaging  the  house,  or  endangering  the  inmates.  It  is  also  evident, 
that  if  the  house  be  merely  covered  with  a  roof  of  metal,  without  pro- 
jecting chimneys,  and  this  roof  were  put  in  metallic  connexion  with 
the  ground,  the  building  would  be  perfectly  protected.  To  make  a 
protection,  therefore,  of  this  kind,  the  Professor  advises  that  the  me- 
tallic roof  be  placed  in  connexion  with  the  ground,  by  means  of  the 
tin  or  copper  gutters  which  serve  to  lead  the  water  from  the  roof  to 
the  earth.  For  this  purpose,  it  is  sufficient  to  solder  to  the  lower  end 
of  the  gutter  a  riband  of  sheet  copper,  two  or  three  inches  wide,  sur- 
rounding it  with  charcoal,  and  continuing  it  out  from  the  house  until 
it  terminates  in  moist  ground.  The  upper  ends  of  these  gutters  are 
generally  soldered  to  the  roof ;  but  if  they  are  not  in  metallic  contact, 
the  two  should  be  joined  by  a  slip  of  sheet  copper.  The  only  part 
of  the  house  unprotected  by  this  arrangement  will  be  the  chimneys ; 
and  to  secure  these,  it  will  only  be  necessary  to  erect  a  short  rod  against 
the  chimney,  soldered  at  its  lower  end  to  the  metal  of  the  roof,  and 
extending  fifteen  or  twenty  inches  above  the  top  of  the  flue. 

Considerable  discussion  in  late  years  has  taken  place  in  reference 
to  the  transmission  of  electricity  along  a  conductor ;  whether  it 
passes  through  the  whole  capacity  of  the  rod,  or  is  principally  con- 
fined to  the  surface.  From  a  series  of  experiments  presented  to  the 
American  Philosophical  Society,  by  Professor  Henry,  on  this  subject, 
it  appears  that  the  electrical  discharge  passes,  or  tends  to  pass,  prin- 
cipally at  the  surface ;  and  as  an  ordinary-sized  house  is  commonly 
furnished  with  from  two  to  four  perpendicular  gutters  (two  in  front 
and  two  in  the  rear),  the  surface  of  these  will  be  sufficient  to  conduct, 
silently,  the  most  violent  discharge  which  may  fall  from  the  clouds. 

Professor  Henry  also  stated,  that  he  had  lately  examined  a  house 
struck  by  lightning,  which  exhibited  some  effects  of  an  interesting 
kind.  The  lightning  struck  the  top  of  the  chimney,  passed  down  the 
interior  of  the  flue  to  a  point  opposite  a  mass  of  iron  placed  on  the 
floor  of  the  garret,  where  it  pierced  the  chimney ;  thence  it  passed 
explosively,  breaking  the  plaster,  into  a  bedroom  below,  where  it 
came  in  contact  with  a  copper  bell- wire,  and  j^sed  along  this  hori- 
zontally and  silently  for  about  six  feet ;  thence  it  leaped  explosively 
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through  the  air  a  distance  of  about  ten  feet,  through  a  dormer  win- 
dow, breaking  the  sash,  and  scattering  the  fragments  across  the 
street.  It  was  evidently  attracted  to  this  point  by  the  upper  end  of 
a  perpendicular  gutter,  which  was  near  the  window.  It  passed  silently 
down  the  gutter,  exhibiting  scarcely  any  mark  of  its  passage  until 
it  arrived  at  the  termination,  about  a  foot  from  the  ground.  Here 
again  an  explosion  appeared  to  have  taken  place,  since  the  windows 
of  the  cellar  were  broken.  A  bed,  in  which  a  man  was  sleeping  at 
the  time,  was  situated  against  the  wall,  immediately  under  the  bell- 
wire  ;  and  although  his  body  was  parallel  to  the  wire,  and  not  distant 
from  it  more  than  four  feet,  he  was  not  only  uninjured,  but  not  sen- 
sibly affected.  The  size  of  the  hole  in  the  chimney,  and  the  fact  that 
the  lightning  passed  along  the  copper  wire  without  melting  it,  show 
that  the  discharge  was  a  small  one,  and  yet  the  mechanical  effects, 
in  breaking  the  plaster,  and  projecting  the  window-frame  across  the 
street,  were  astonishingly  great. 

These,  effects  the  Professor  attributes  to  a  sudden  repulsive  energy, 
or  expansive  force  developed  in  the  air  along  the  path  of  the  discharge. 
Indeed,  he  conceives  that  most  of  the  mechanical  effects  which  are 
often  witnessed  in  cases  of  buildings  struck  by  lightning,  may  be  re- 
ferred to  the  same  cause.  In  the  case  of  a  house  struck  within  a  few 
miles  of  Princeton,  the  discharge  entered  the  chimney,  burst  open  the 
flue,  and  passed  along  the  cockloft  to  the  other  end  of  the  house  ;  and 
such  was  the  explosive  force  in  this  confined  space,  that  nearly  the 
whole  roof  was  blown  off.  This  effect  was,  in-  all  probability,  due 
to  the  same  cause  which  suddenly  expands  the  air  in  the  experiment 
with  Kinnersly's  electrical  air  thermometer. — From  the  Proc.  of  the 
American  Philosophical  Society,  June  20,  1845. 


OBSERVATIONS  ON  CAPILLARITY.  BY  PROF.  HENRY. 
In  1839,  the  author  presented  the  results  of  some  experiments  on 
the  permeability  of  lead  to  mercury  ;  and  subsequent  observation  had 
led  him  to  believe  that  the  same  property  was  possessed  by  other 
metals  in  reference  to  each  other.  His  first  attempt  to  verify  this 
conjecture  was  made  with  the  assistance  of  Dr.  Patterson,  at  the 
United  States  Mint.  For  this  purpose,  a  small  globule  of  gold  was 
placed  on  a  plate  of  sheet  iron,  and  submitted  to  the  heat  of  an  as- 
saying furnace  ;  but  the  experiment  was  unsuccessful ;  for,  although 
the  gold  was  heated  much  above  its  melting-point,  it  exhibited  no 
signs  of  sinking  into  the  pores  of  the  iron.  The  idea  afterward  sug- 
gested itself,  that  a  different  result  would  have  been  obtained  had  the 
two  metals  been  made  to  adhere  previous  to  heating,  so  that  no  oxide 
could  have  been  formed  between  the  surfaces.  In  accordance  with 
this  view,  Prof.  Henry  inquired  of  Mr.  Cornelius,  of  Philadelphia,  if, 
in  the  course  of  his  experience  in  working  silver-plated  copper,  in 
his  extensive  manufactory  of  lamps,  he  had  ever  observed  the  silver 
to  disappear  from  the  copper  when  the  metal  was  heated.  The  an- 
swer was,  that  the  silver  always  disappears  when  the  plate  is  heated 
above  a  certain  temperature,  leaving  a  surface  of  copper  exposed ; 
and  that  it  was  generally  believed  by  the  workmen,  that  the  silver 
evaporates  at  this  temperature. 


342  Intelligence  and  Miscellaneous  Articles. 

Professor  Henry  suggested  that  the  silver,  instead  of  evaporating, 
merely  sunk  into  the  pores  of  the  copper,  and  that  by  carefully  re- 
moving the  surface  of  the  latter  by  the  action  of  an  acid,  the  silver 
would  reappear.  To  verify  this  by  experiment,  Mr.  Cornelius  heated 
one  end  of  a  piece  of  thick  plated  copper  to  nearly  the  melting-point 
of  the  metal ;  the  silver  at  this  end  disappeared,  and  when  the  metal 
was  cleaned  by  a  solution  of  dilute  sulphuric  acid,  the  end  which  had 
been  heated  presented  a  uniform  surface  of  copper,  whilst  the  other 
end  exhibited  its  proper  coating  of  silver.  The  unsilvered  end  of  the 
plate  was  next  placed,  for  a  few  minutes,  in  a  solution  of  muriate  of 
zinc,  by  which  the  exterior  surface  of  copper  was  removed,  and  the 
surface  of  silver  was  again  exposed.  This  method  of  recovering  the 
silver  before  the  process  of  plating  silver  by  galvanism  came  into  use, 
would  have  been  of  much  value  to  manufacturers  of  plated  ware, 
since  it  often  happened  that  articles  were  spoiled,  in  the  process  of 
soldering,  by  heating  them  to  the  degiee  at  which  silver  disappears. 

It  is  well-known  to  the  jeweller,  that  articles  of  copper,  plated  with 
gold,  lose  their  brilliancy  after  a  time,  and  that  this  can  be  restored 
by  boiling  them  in  ammonia ;  this  effect  is  probably  produced  by  the 
ammonia  acting  on  the  copper,  and  dissolving  off  its  surface,  so  as 
to  expose  the  gold,  which,  by  diffusion,  has  entered  into  the  copper. 

A  slow  diffusion  of  one  metal  through  another  probably  takes 
place  in  cases  of  alloys.  Silver  coins,  after  having  lain  long  in  the 
earth,  have  been  found  covered  with  a  salt  of  copper.  This  may  be 
explained  by  supposing  that  the  alloy  of  copper,  at  the  surface  of  the 
coin,  enters  into  combination  with  the  carbonic  acid  of  the  soil,  and 
being  thus  removed,  its  place  is  supplied  by  a  diffusion  from  within  ; 
and  in  this  way  it  is  not  improbable  that  a  considerable  portion  of 
the  alloy  may  be  exhausted  in  the  process  of  time,  and  the  purity  of 
the  coin  be  considerably  increased. 

Perhaps,  also,  the  phenomenon  of  what  is  called  segregation,  or 
the  formation  of  nodules  of  flint  in  masses  of  carbonated  lime,  and  of 
indurated  marl  in  beds  of  clay,  may  be  explained  on  the  same  prin- 
ciple. In  breaking  up  these  masses,  it  is  almost  always  observed, 
that  a  piece  of  shell  or  some  extraneous  matter  occupies  the  middle, 
and  probably  formed  the  nucleus,  around  which  the  matter  was  accu- 
mulated by  attraction.  The  difficulty  consists  in  explaining  how  the 
attraction  of  cohesion,  which  becomes  insensible  at  sensible  distances, 
should  produce  this  effect.  To  explain  this,  let  us  suppose  two  sub- 
stances uniformly  diffused  through  each  other  by  a  slight  mutual  at- 
traction, as  in  the  case  of  a  lump  of  sugar  dissolved  in  a  large  quan- 
tity of  water,  every  particle  of  the  water  will  attract  to  itself  its  pro- 
portion of  the  sugar,  and  the  whole  will  be  in  a  state  of  equilibrium. 
If  the  diffusion  at  its  commencement  had  been  assisted  by  heat,  and 
this  cause  of  the  separation  of  the  homogeneous  particles  no  longer 
existed,  the  diffusion  might  be  one  of  unstable  equilibrium  ;  and  the 
slightest  extraneous  force,  such  as  the  attraction  of  a  minute  piece 
of  shell,  might  serve  to  disturb  the  quiescence,  and  draw  to  itself  the 
diffused  particles  which  were  immediately  contiguous  to  it.  This 
would  leave  a  vacuum  of  the  atoms  around  the  attracting  mass  :  for 
example,  as  in  the  case  of  the  sugar,  there  would  be  a  portion  of  the 
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water  around  the  nucleus  deprived  of  the  sugar ;  this  portion  of  the 
water  would  attract  its  portion  of  sugar  from  the  layer  without,  and 
into  this  layer  the  sugar  from  the  layer  next  without  would  be  dif- 
fused, and  so  on  until,  through  all  the  water,  the  remaining  sugar 
would  be  uniformly  diffused.  The  process  would  continue  to  be  re- 
peated, by  the  nucleus  again  attracting  a  portion  of  the  sugar  from 
the  water  immediately  around  it,  and  so  on  until  a  considerable  ac- 
cumulation would  be  formed  around  the  foreign  substance. 

We  can  in  this  way  conceive  of  the  manner  by  which  the  molecu- 
lar action,  which  is  insensible  at  perceptible  distances,  may  produce 
results  which  would  appear  to  be  the  effect  of  attraction  acting  at  a 
distance. — From  the  Proc.  of  the- American  Philosophical  Society. 

Obituary. — The  University  of  Konigsberg  has  sustained  a  severe 
loss  by  the  death  of  the  celebrated  astronomer  Bessel,  who  died,  after 
long  suffering,  on  the  17  th  of  March,  in  the  62nd  year  of  his  age. 

METEOROLOGICAL  OBSERVATIONS  FOR  FEB.  1846. 
Chiswick. — February  1.  Very  fine  :  rain.  2.  Fine.  3,4.  Overcast :  rain. 
5,  6.  Very  fine.  7.  Overcast :  windy,  with  showers.  8.  Clear  :  cloudy  :  very 
clear  at  night.  9.  Frosty:  fine,  but  cold.  10.  Frosty:  cloudy  and  cold.  11. 
Frosty:  fine:  partially  overcast.  12.  Foggy:  cloudy  and  fine.  13.  Densely 
clouded.  14,15.  Cloudy  and  fine.  16.  Densely  overcast.  17,18.  Overcast 
and  fine.  19.  Hazy.  20.  Overcast.  21.  Exceedingly  fine.  22.  Cloudy: 
boisterous,  with  rain  at  night.  23,  24.  Rain.  25.  Heavy  clouds  and  mild. 
26.  Cloudy  in  the  morning  :  afterward  cloudless  and  exceedingly  fine.  27. 
Slight  haze  :  showery.     28.  Very  fine. 

Mean  temperature  of  the  month    4S0,32 

Mean  temperature  of  February  1845    33 '07 

Average  mean  temperature  for  the  last  twenty  years  39  '36 

Average  amount  of  rain 1  "61  inch. 

Boston. — Feb.  1.  Fine.  2.  Fine :  rain  early  a.m.  3.  Cloudy.  4.  Fine.  5. 
Cloudy  :  rain  early  a.m.  6.  Fine.  7.  Stormy  :  rain  early  a.m.  8.  Fine  :  rain 
early  a.m.  9.  Fine  :  snow  early  a.m.  :  snow  a.m.  and  p.m.  10.  Fine:  snow  on 
the  ground.  1 1.  Cloudy :  snow  on  the  ground.  12.  Fine  :  snow  on  *he  ground. 
13.  Cloudy  :  snow  all  gone  :  melted  snow.  14 — 22.  Cloudy.  23.  Cloudy  :  rain 
early  a.m.  24.  Cloudy.  25.  Fine  :  rain  early  a.m.  26.  Cloudy.  27.  Fine  : 
rain  a.m.     28.  Fine.     This  month  has  been  usually  fine. 

Sandwich  Manse,  Orkney. — Feb.  1.  Sleet-showers.  2.  Cloudy.  3.  Cloudy: 
sleet-showers.  4,  5.  Hail-showers.  6.  Showers :  rain.  7.  Showers :  snow- 
showers.  8.  Snow-showers.  9.  Snow-showers  :  frost.  10.  Snow  :  showers.  11. 
Clear :  cloudy.  12.  Cloudy:  damp.  13.  Showers.  14,15.  Cloudy:  showers. 
16.  Rain:  cloudy.  17.  Showers  :  cloudy  :  drizzle.  18.  Showers :  drizzle :  cloudy  : 
drizzle.  19.  Bright :  cloudy.  20.  Clear :  cloudy.  21.  Rain  :  cloudy.  22.  Rain. 
23.  Clear.  24.  Damp:  showers.  25—27.  Clear:  cloudy.  28.  Cloudy:  showers: 
clear. 

Api>legarth  Manse,  Dumfries-shire. — Feb.  1.  Occasional  showers.  2.  Fair  and 
fine.  3.  Heavy  rain.  4.  Sleet  and  rain  p.m.  5.  Showers.  6,  7.  Heavy  showers. 
8.  Slight  fall  of  snow.  9.  Frost:  fine:  clear.  10.  Frost:  fine.  11.  Thaw: 
fair:  mild.  12.  Slight  frost.  13.  Very  slight  frost.  14,15.  Fine.  16.  Very 
fine.  17.  Fine.  18.  Frost  a.m.  19.  Fine,  but  cloudy  :  shower.  20.  Slight 
showers:  mild.  21.  Wet  and  stormy.  22,  23.  Damp  and  drizzling.  24,  25. 
Heavy  rain.     26.  Wet.     27.  Remarkably  fine.     28.   Damp  and  drizzling. 

Mean  temperature  of  the  month 430-4 

Mean  temperature  of  February  1845  34  "5 

Mean  temperature  of  Feb.  for  twenty-three  years .  37  "0 
Mean  rain  in  February  for  eighteen  years 2  -0  inches. 
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LIV.  Thoughts  on  Ray-vibrations.     By  Michael  Faraday, 
Esq.,  D.C.L.,  F.R.S.,  Fullerian  Prof.,  fyc.  Sfc. 

To  Richard  Phillips,  Esq. 
Dear  Sir, 

A  T  your  request  I  will  endeavour  to  convey  to  you  a  notion 
^*-  of  that  which  I  ventured  to  say  at  the  close  of  the  last 
Friday-evening  Meeting,  incidental  to  the  account  I  gave  of 
Wheatstone's  electro-magnetic  chronoscope ;  but  from  first  to 
last  understand  that  I  merely  threw  out  as  matter  for  specula- 
tion, the  vague  impressions  of  my  mind,  for  I  gave  nothing 
as  the  result  of  sufficient  consideration,  or  as  the  settled  con- 
viction, or  even  probable  conclusion  at  which  I  had  arrived. 

The  point  intended  to  be  set  forth  for  the  consideration  of 
the  hearers  was,  whether  it  was  not  possible  that  the  vibrations 
which  in  a  certain  theory  are  assumed  to  account  for  radia- 
tion and  radiant  phaenomena  may  not  occur  in  the  lines  of 
force  which  connect  particles,  and  consequently  masses  of 
matter  together;  a  notion  which,  as  far  as  it  is  admitted,  will 
dispense  with  the  aether  which,  in  another  view,  is  supposed  to 
be  the  medium  in  which  these  vibrations  take  place. 

You  are  aware  of  the  speculation*  which  I  some  time  since 
uttered  respecting  that  view  of  the  nature  of  matter  which 
considers  its  ultimate  atoms  as  centres  of  force,  and  not  as  so 
many  little  bodies  surrounded  by  forces,  the  bodies  being  con- 
sidered in  the  abstract  as  independent  of  the  forces  and  capa- 
ble of  existing  without  them.  In  the  latter  view,  these  little 
particles  have  a  definite  form  and  a  certain  limited  size;  in 
the  former  view  such  is  not  the  case,  for  that  which  represents 
size  may  be  considered  as  extending  to  any  distance  to  which 
the  lines  of  force  of  the  particle  extend  :  the  particle  indeed  is 

*  Phil.  Mag.  1844,  vol.  xxiv.  p.  136. 
Phil.  Mag.  S.  3.  Vol.  28.  No.  188.  May  1 846.  2  B 
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supposed  to  exist  only  by  these  forces,  and  where  they  are  it 
is.  The  consideration  of  matter  under  this  view  gradually 
led  me  to  look  at  the  lines  of  force  as  being  perhaps  the  seat 
of  the  vibrations  of  radiant  phaenomena. 

Another  consideration  bearing  conjointly  on  the  hypotheti- 
cal view  both  of  matter  and  radiation,  arises  from  the  compari- 
son of  the  velocities  with  which  the  radiant  action  and  certain 
powers  of  matter  are  transmitted.  The  velocity  of  light  through 
space  is  about  190,000  miles  in  a  second ;  the  velocity  of  elec- 
tricity is,  by  the  experiments  of  Wheatstone,  shown  to  be  as 
great  as  this,  if  not  greater :  the  light  is  supposed  to  be  trans- 
mitted by  vibrations  through  an  aether  which  is,  so  to  speak, 
destitute  of  gravitation,  but  infinite  in  elasticity ;  the  electri- 
city is  transmitted  through  a  small  metallic  wire,  and  is  often 
viewed  as  transmitted  by  vibrations  also.  That  the  electric 
transference  depends  on  the  forces  or  powers  of  the  matter  of 
the  wire  can  hardly  be  doubted,  when  we  consider  the  differ- 
ent conductibility  of  the  various  metallic  and  other  bodies; 
the  means  of  affecting  it  by  heat  or  cold ;  the  way  in  which 
conducting  bodies  by  combination  enter  into  the  constitution 
of  non-conducting  substances,  and  the  contrary ;  and  the  ac- 
tual existence  of  one  elementary  body,  carbon,  both  in  the 
conducting  and  non-conducting  state.  The  power  of  electric 
conduction  (being  a  transmission  of  force  equal  in  velocity  to 
that  of  light)  appears  to  be  tied  up  in  and  dependent  upon 
the  properties  of  the  matter,  and  is,  as  it  were,  existent  in 
them. 

I  suppose  we  may  compare  together  the  matter  of  the  aether 
and  ordinary  matter  (as,  for  instance,  the  copper  of  the  wire 
through  which  the  electricity  is  conducted),  and  consider 
them  as  alike  in  their  essential  constitution ;  i.  e.  either  as 
both  composed  of  little  nuclei,  considered  in  the  abstract  as 
matter,  and  of  force  or  power  associated  with  these  nuclei,  or 
else  both  consisting  of  mere  centres  of  force,  according  to 
Boscovich's  theory  and  the  view  put  forth  in  my  speculation ; 
for  there  is  no  reason  to  assume  that  the  nuclei  are  more  re- 
quisite in  the  one  case  than  in  the  other.  It  is  true  that  the 
copper  gravitates  and  the  aether  does  not,  and  that  therefore  the 
copper  is  ponderable  and  the  aether  is  not ;  but  that  cannot 
indicate  the  presence  of  nuclei  in  the  copper  more  than  in  the 
aether,  for  of  all  the  powers  of  matter  gravitation  is  the  one  in 
which  the  force  extends  to  the  greatest  possible  distance  from 
the  supposed  nucleus,  being  infinite  in  relation  to  the  size  of 
the  latter,  and  reducing  that  nucleus  to  a  mere  centre  of  force. 
The  smallest  atom  of  matter  on  the  earth  acts  directly  on  the 
smallest  atom  of  matter  in  the  sun,  though  they  are  95,000,000 
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of  miles  apart;  further,  atoms  which,  to  our  knowledge,  are 
at  least  nineteen  times  that  distance,  and  indeed,  in  cometary 
masses,  far  more,  are  in  a  similar  way  tied  together  by  the 
lines  of  force  extending  from  and  belonging  to  each.  What 
is  there  in  the  condition  of  the  particles  of  the  supposed  aether, 
if  there  be  even  only  one  such  particle  between  us  and  the 
sun,  that  can  in  subtilty  and  extent  compare  to  this  ? 

Let  us  not  be  confused  by  the  ponderability  and  gravitation 
of  heavy  matter,  as  if  they  proved  the  presence  of  the  abstract 
nuclei;  these  are  due  not  to  the  nuclei,  but  to  the  force  su- 
peradded to  them,  if  the  nuclei  exist  at  all ;  and,  if  the  ather 
particles  be  without  this  force,  which  according  to  the  assump- 
tion is  the  case,  then  they  are  more  material,  in  the  abstract 
sense,  than  the  matter  of  this  our  globe ;  for  matter,  accord- 
ing to  the  assumption,  being  made  up  of  nuclei  and  force, 
the  aether  particles  have  in  this  respect  proportionately  more 
of  the  nucleus  and  less  of  the  force. 

On  the  other  hand,  the  infinite  elasticity  assumed  as  be- 
longing to  the  particles  of  the  aether,  is  as  striking  and  posi- 
tive a  force  of  it  as  gravity  is  of  ponderable  particles,  and  pro- 
duces in  its  way  effects  as  great;  in  witness  whereof  we  have 
all  the  varieties  of  radiant  agency  as  exhibited  in  luminous, 
calorific,  and  actinic  phaenomena. 

Perhaps  I  am  in  error  in  thinking  the  idea  generally  formed 
of  the  aether  is  that  its  nuclei  are  almost  infinitely  small,  and 
that  such  force  as  it  has,  namely  its  elasticity,  is  almost  infi- 
nitely intense.  But  if  such  be  the  received  notion,  what  then 
is  left  in  the  aether  but  force  or  centres  of  force?  As  gravita- 
tion and  solidity  do  not  belong  to  it,  perhaps  many  may  ad- 
mit this  conclusion  ;  but  what  is  gravitation  and  solidity?  cer- 
tainly not  the  weight  and  contact  of  the  abstract  nuclei.  The 
one  is  the  consequence  of  an  attractive  force,  which  can  act 
at  distances  as  great  as  the  mind  of  man  can  estimate  or  con- 
ceive ;  and  the  other  is  the  consequence  of  a  repulsive  force, 
which  forbids  for  ever  the  contact  or  touch  of  any  two  nuclei; 
so  that  these  powers  or  properties  should  not  in  any  degree 
lead  those  persons  who  conceive  of  the  aether  as  a  thing  con- 
sisting of  force  only,  to  think  any  otherways  of  ponderable 
matter,  except  that  it  has  more  and  other  forces  associated 
with  it  than  the  aether  has. 

In  experimental  philosophy  we  can,  by  the  phaenomena 
presented,  recognise  various  kinds  of  lines  of  force ;  thus  there 
are  the  lines  of  gravitating  force,  those  of  electro-static  indue- 
tion,  those  of  magnetic  action,  and  others  partaking  of  a  dy- 
namic character  might  be  perhaps  included.  The  lines  of 
electric  and  magnetic  action  are  by  many  considered  as  exerted 
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through  space  like  the  lines  of  gravitating  force.  For  my  own 
part,  I  incline  to  believe  that  when  there  are  intervening  par- 
ticles of  matter  (being  themselves  only  centres  of  force),  they 
take  part  in  carrying  on  the  force  through  the  line,  but  that 
when  there  are  none,  the  line  proceeds  through  space*. 
Whatever  the  view  adopted  respecting  them  may  be,  we  can, 
at  all  events,  affect  these  lines  of  force  in  a  manner  which  may 
be  conceived  as  partaking  of  the  nature  of  a  shake  or  lateral 
vibration.  For  suppose  two  bodies,  A  B,  distant  from  each 
other  and  under  mutual  action,  and  therefore  connected  by 
lines  of  force,  and  let  us  fix  our  attention  upon  one  resultant 
of  force  having  an  invariable  direction  as  regards  space ;  if 
one  of  the  bodies  move  in  the  least  degree  right  or  left,  or  if 
its  power  be  shifted  for  a  moment  within  the  mass  (neither  of 
these  cases  being  difficult  to  realize  if  A  and  B  be  either  elec- 
tric or  magnetic  bodies),  then  an  effect  equivalent  to  a  lateral 
disturbance  will  take  place  in  the  resultant  upon  which  we  are 
fixing  our  attention  ;  for,  either  it  will  increase  in  force  whilst 
the  neighbouring  resultants  are  diminishing,  or  it  will  fall  in 
force  as  they  are  increasing. 

It  may  be  asked,  what  lines  of  force  are  there  in  nature 
which  are  fitted  to  convey  such  an  action  and  supply  for  the 
vibrating  theory  the  place  of  the  aether?  I  do  not  pretend  to 
answer  this  question  with  any  confidence;  all  I  can  say  is, 
that  I  do  not  perceive  in  any  part  of  space,  whether  (to  use 
the  common  phrase)  vacant  or  rilled  with  matter,  anything  but 
forces  and  the  lines  in  which  they  are  exerted.  The  lines  of 
weight  or  gravitating  force  are,  certainly,  extensive  enough  to 
answer  in  this  respect  any  demand  made  upon  them  by  ra- 
diant phaenomena ;  and  so,  probably,  are  the  lines  of  magnetic 
force :  and  then  who  can  forget  that  Mossotti  has  shown  that 
gravitation,  aggregation,  electric  force,  and  electro-chemical 
action  may  all  have  one  common  connexion  or  origin ;  and  so, 
in  their  actions  at  a  distance,  may  have  in  common  that  infi- 
nite scope  which  some  of  these  actions  are  known  to  possess  ? 

The  view  which  I  am  so  bold  as  to  put  forth  considers, 
therefore,  radiation  as  a  high  species  of  vibration  in  the  lines 
of  force  which  are  known  to  connect  particles  and  also  masses 
of  matter  together.  It  endeavours  to  dismiss  the  aether,  but 
not  the  vibrations.  The  kind  of  vibration  which,  I  believe, 
can  alone  account  for  the  wonderful,  varied,  and  beautiful 
phaenomena  of  polarization,  is  not  the  same  as  that  which  oc- 
curs on  the  surface  of  disturbed  water,  or  the  waves  of  sound 
in  gases  or  liquids,  for  the  vibrations  in  these  cases  are  direct, 

•  Experimental  Researches  in  Electricity,  pars.  1161,  1613,  1663,  1710, 
1729, 1735,  2443. 
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or  to  and  from  the  centre  of  action,  whereas  the  former  are 
lateral.  It  seems  to  me,  that  the  resultant  of  two  or  more 
lines  of  force  is  in  an  apt  condition  for  that  action  which  may 
be  considered  as  equivalent  to  a  lateral  vibration ;  whereas  an 
uniform  medium,  like  the  aether,  does  not  appear  apt,  or  more 
apt  than  air  or  water. 

The  occurrence  of  a  change  at  one  end  of  a  line  of  force 
easily  suggests  a  consequent  change  at  the  other.  The  pro- 
pagation of  light,  and  therefore  probably  of  all  radiant  action, 
occupies  time;  and,  that  a  vibration  of  the  line  of  force  should 
account  for  the  phaenomena  of  radiation,  it  is  necessary  that 
such  vibration  should  occupy  time  also.  I  am  not  aware 
whether  there  are  any  data  by  which  it  has  been,  or  could  be 
ascertained  whether  such  a  power  as  gravitation  acts  without 
occupying  time,  or  whether  lines  of  force  being  already  in  ex- 
istence, such  a  lateral  disturbance  of  them  at  one  end  as  I 
have  suggested  above,  would  require  time,  or  must  of  neces- 
sity be  felt  instantly  at  the  other  end. 

As  to  that  condition  of  the  lines  of  force  which  represents 
the  assumed  high  elasticity  of  the  aether,  it  cannot  in  this  re- 
spect be  deficient:  the  question  here  seems  rather  to  be,  whe- 
ther the  lines  are  sluggish  enough  in  their  action  to  render 
them  equivalent  to  the  aether  in  respect  of  the  time  known  ex- 
perimentally to  be  occupied  in  the  transmission  of  radiant 
force. 

The  aether  is  assumed  as  pervading  all  bodies  as  well  as 
space :  in  the  view  now  set  forth,  it  is  the  forces  of  the  atomic 
centres  which  pervade  (and  make)  all  bodies,  and  also  pene- 
trate all  space.  As  regards  space,  the  difference  is,  that  the 
aether  presents  successive  parts  or  centres  of  action,  and  the 
present  supposition  only  lines  of  action;  as  regards  matter, 
the  difference  is,  that  the  aether  lies  between  the  particles  and 
so  carries  on  the  vibrations,  whilst  as  respects  the  supposition, 
it  is  by  the  lines  of  force  between  the  centres  of  the  particles 
that  the  vibration  is  continued.  As  to  the  difference  in  in- 
tensity of  action  within  matter  under  the  two  views,  I  suppose 
it  will  be  very  difficult  to  draw  any  conclusion,  for  when  we 
take  the  simplest  state  of  common  matter  and  that  which  most 
nearly  causes  it  to  approximate  to  the  condition  of  the  aether, 
namely  the  state  of  rare  gas,  how  soon  do  we  find  in  its  elas- 
ticity and  the  mutual  repulsion  of  its  particles,  a  departure 
from  the  law,  that  the  action  is  inversely  as  the  square  of  the 
distance ! 

And  now,  my  dear  Phillips,  I  must  conclude.  I  do  not 
think  I  should  have  allowed  these  notions  to  have  escaped 
from  me,  had  I  not  been  led  unawares,  and  without  previous 
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consideration,  by  the  circumstances  of  the  Evening  on  which 
I  had  to  appear  suddenly  and  occupy  the  place  of  another. 
Now  that  I  have  put  them  on  paper,  I  feel  that  I  ought  to 
have  kept  them  much  longer  for  study,  consideration,  and, 
perhaps,  final  rejection ;  and  it  is  only  because  they  are  sure 
to  go  abroad  in  one  way  or  another,  in  consequence  of  their 
utterance  on  that  evening,  that  I  give  them  a  shape,  if  shape 
it  may  be  called,  in  this  reply  to  your  inquiry.  One  thing  is 
certain,  that  any  hypothetical  view  of  radiation  which  is  likely 
to  be  received  or  retained  as  satisfactory,  must  not  much 
longer  comprehend  alone  certain  phenomena  of  light,  but 
must  include  those  of  heat  and  of  actinic  influence  also,  and 
even  the  conjoined  phaenomena  of  sensible  heat  and  che- 
mical power  produced  by  them.  In  this  respect,  a  view, 
which  is  in  some  degree  founded  upon  the  ordinary  forces  of 
matter,  may  perhaps  find  a  little  consideration  amongst  the 
other  views  that  will  probably  arise.  I  think  it  likely  that  I 
have  made  many  mistakes  in  the  preceding  pages,  for  even  to 
myself,  my  ideas  on  this  point  appear  only  as  the  shadow  of 
a  speculation,  or  as  one  of  those  impressions  on  the  mind 
which  are  allowable  for  a  time  as  guides  to  thought  and  re- 
search. He  who  labours  in  experimental  inquiries  knows  how 
numerous  these  are,  and  how  often  their  apparent  fitness  and 
beauty  vanish  before  the  progress  and  development  of  real 
natural  truth. 

I  am,  my  dear  Phillips, 

Ever  truly  yours, 
Royal  Institution,  April  15,  1846.  M.  FARADAY. 

LV.  On  the  Wax  of  the  Chamarops. 
By  J.  E.  Teschemacher,  Esq.* 

A  BOUT  three  millions  of  palm  leaves  are  annually  imported 
-**■  into  the  United  States  of  America,  for  the  purpose  of 
being  manufactured  into  hats.  They  come  tied  in  bundles, 
called  in  Spanish  Esteras,  each  estera  weighing  from  50  to  60 
pounds ;  these  are  the  palmate  part  of  the  leaf  with  a  small 
portion  of  the  petiole  ;  this  last  weighs  one-eighth  of  the  leaf. 
The  palm  from  which  the  leaves  are  cut  in  Cuba  and  other 
parts  of  the  West  Indies  for  this  purpose  is  a  Chamaerops,  a 
low-growing  species,  not  differing  I  believe  from  the  C.  hu- 
milis  of  the  southern  sections  of  the  United  States,  except  in 
being  much  more  robust  in  habit.  The  C.  humilis  of  the 
United  States  is  too  soft  and  yielding  for  this  manufacture. 

*  Communicated  by  the  Chemical  Society;  having  been  read  December 
1, 1845. 
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I  have  cultivated  the  plant  from  Cuba  for  five  or  six  years, 
and  was  unable  to  discover  any  difference  in  foliage ;  but  I 
have  never  seen  the  fruit  of  either.  The  leaf  of  the  Chamaerops 
spreads  out  nearly  horizontal  with  folds,  precisely  like  those  of 
a  lady's  fan.  On  opening  these  folds,  when  they  arrive  in  the 
United  States  in  their  dried  state,  there  is  a  quantity  of  white 
flaky  powder,  under  this  is  the  bright  varnish  which  covers 
the  whole  surface  of  the  leaf;  both  these  are  true  vegetable 
wax.  From  one  of  these  palm  leaves  I  obtained,  by  passing 
the  thumb  down  the  folds,  90  grains  of  the  white  wax  in  pow- 
dery flakes,  and  by  boiling  the  leaf,  after  cutting  in  pieces,  in 
alcohol,  300  grains  more  of  a  grayer  coloured  wax. 

At  the  manufactory  the  leaves  are  often  bleached  by  the 
fumes  of  sulphurous  acid  gas,  and  then  split  by  machinery  into 
very  thin  strips ;  this  division  cracks  off  of  course  a  large  por- 
tion of  the  brittle  varnish,  which,  together  with  the  white  pow- 
der, falls  to  the  ground,  is  swept  together  and  burnt  or  thrown 
away.  The  weight  of  this  substance  destroyed  annually  pro- 
bably exceeds  one  hundred  thousand  pounds. 

On  treating  this  substance  with  a  small  quantity  of  boiling 
alcohol,  it  may,  like  other  wax,  be  separated  into  cerine  and 
myricine. 

The  powdery  flakes  first  obtained  contain  about  80  per 
cent,  myricine  and  20  per  cent,  cerine,  but  the  wax  obtained 
from  boiling  the  leaf  in  alcohol  contains  scarcely  any  myricine. 
This  is  easily  accounted  for ;  the  flakes,  being  the  brittle  and 
more  resinous  part,  break  off  readily •  while  the  alcohol,  which 
acts  on  the  leaves,  dissolves  only  the  cerine,  leaving  the  myri- 
cine undissolved  ;  this  might  no  doubt  be  obtained  by  increa- 
sing the  quantity  of  alcohol  and  continuing  the  process,  if  it 
were  desirable.  In  bees'  wax  the  proportions  of  these  two 
substances  vary  also,  the  cerine  from  70  to  90  per  cent., 
myricine  from  10  to  30  per  cent. ;  and  it  is  probable  that  the 
more  or  less  brittle  quality  of  all  wax  depends  on  the  relative 
quantity  of  these  two  ingredients. 

The  wax  of  Ceroxylon  andicola,  a  very  lofty  palm,  found 
by  Humboldt  at  Quindin  on  the  Andes,  has  been  analysed, 
and  found  very  nearly  to  resemble  bees'  wax  in  its  ultimate 
principles. 

Bees'  wax.         Palm  wax. 

Carbon 80-14.  80*28 

Hydrogen  ....     l4-'08  1320 

Oxygen 5*78  6*52 

To  obtain  this  wax,  the  outer  portion  of  the  trunk  is  rasped 
or  scraped,  the  raspings  are  heated  in  water,  the  wax  swims 
at  the  top,  the  other  parts  fall  to  the  bottom,  the  wax  is  col- 
lected, made  into  small  balls,  and  dried  in  the  sun ;  it  has  a 
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deep  yellow  colour,  and  when^the  resinous  part  (myricine?) 
is  melted  it  has  the  appearance  of  amber ;  after  the  separation 
of  the  wax  and  resin  from  the  produce  of  Ceroxylon,  there 
remains  in  the  alcohol  a  bitter  yellow  substance,  supposed  to 
be  a  vegetable  alkaloid.  This  yellow  substance  separates  also 
from  the  wax  of  the  leaf  of  Chamaerops,  but  I  think  it  is  not 
an  ingredient  in  the  wax,  but  of  other  parts  of  the  juices  dis- 
solved by  the  alcohol. 

The  production  from  the  juices  of  plants  by  a  purely  vege- 
table function  of  wax  scarcely  differing  from  that  deposited 
in  their  hives  by  bees  is  calculated  to  throw  light  on  the  ques- 
tion of  the  formation  of  this  substance  by  these  insects,  and 
also  merits  the  careful  examination  of  those^who  are  entering 
into  the  study  of  the  various  transformations  of  the  vegetable 
juices  at  different  periods  of  their  progress  towards  maturity. 

LVI.  Analysis  of  a  Cobalt  Ore  found  in  Western  India. 
By  J.  Middleton,  Esq.,  F.G.S.* 

BEING  engaged  in  analyses  of  the  metallic  ores  of  North- 
western India,  with  a  view  to  the  ascertainment  of  the 
constitutions  of  those  most  remarkable  among  them,  and  also 
with  the  hope  of  detecting  others  whose  existence  in  the 
country  has  not  heretofore  been  even  suspected,  I  am  desi- 
rous of  submitting  to  the  Chemical  Society  the  results  of  my 
inquiries  whenever  they  appear  to  me  of  sufficient  interest  to 
justify  my  troubling  them  with  them.  I  may  mention,  that 
should  the  Society  desire  any  information  from  me  on  this 
or  any  other  subject  that  I  may  be  qualified  and  in  a  position 
to  furnish,  I  shall  most  gladly  meet  their  wishes. 

The  hilly  districts  of  Rajpootanah  are  remarkably  prolific 
in  metallic  ores,  many  of  these,  too,  exceedingly  rich  and 
abundant.  Within  a  narrow  compass  in  the  independent  state 
of  Syepoore,  are  to  be  found  the  following  minerals : — 

Sulphuret  of  copper,  sulphate  of  copper,  sulphuret  of  co- 
balt, alum. 

The  native  method  of  mining  for  the  first  of  these  ores,  and 
which  is  the  same  as  that  adopted  for  the  others,  ma}'  be 
interesting  to  some  of  your  members. 

"  The  mine  of  copper  is  very  deep,  and  difficult  of  access. 
The  miners  enter  with  burning  lamps  on  their  heads  and  with 
chisels,  iron  hammers,  and  baskets  in  their  hands.  They  dig- 
out  the  ore  with  their  chisels  by  the  light  of  their  lamps,  and 
bring  it  up  with  great  labour  and  difficulty  to  the  surface. 
They  then  pound  and  grind  it  small  in  a  mill,  after  which 

*  Communicated  bv  the  Chemical  Society ;  having  been  read  December 
15,  1845. 


found  in  Western  India.  353 

they  mix  it  with  moist  cow- dung,' and  this  mixture  being  made 
into  balls  is  placed  in  the  sun  to  dry.  When  this  has  been 
accomplished  the  lumps  are  burnt,  after  which  they  are  not 
broken,  up,  but  being  mixed  with  an  equal  quantity  of  char- 
coal and  as  much  iron  filings,  are  put  into  a  crucible,  and  a 
strong  heat  kept  up  by  blowing  with  a  leathern  bellows  till 
the  dross  separates  and  the  copper  settles  at  the  bottom  in 
the  form  of  a  solid  disc.  This  product  is  again  heated  with 
charcoal  until  perfectly  pure  copper  is  produced*." 

The  mineral  possessing  greatest  interest  amongst  those 
above  enumerated  is  the  sulphuret  of  cobalt.  It  is  found  in 
the  copper  mines  in  considerable  abundance,  and  exists  in  a 
primitive  schist  in^  the  form  of  bands  and  disseminated  grains, 
the  colour  of  which  is  a  steel  gray  inclining  to  yellow.  The 
grains  appear  to  be  crystallized,  and  are  probably  the  cube 
and  its  derivatives.  What  is  particularly  remarkable  in  this 
ore  is  its  purity,  so  far  surpassing  in  this  respect  any  that,  so 
far  as  1  am  aware,  is  to  be  met  with  anywhere  else.  The 
only  substance  in  combination  with  it,  after  separation  of  the 
matrix,  is  an  iron  pyrites,  which  is  however  but  mechanically 
mixed,  and  so  highly  magnetic  as  to  be  readily  removable  by 
the  magnet.  The  relative  proportions  in  which  these  two 
exist  are — 

Cobalt  pyrites  ....     90*78  per  cent. 
Iron 9-22 

The  iron  pyrites  consists  of  black  amorphous  granules  with- 
out metallic  lustre,  and,  as  above  stated,  it  is  highly  magnetic, 
having  at  the  same  time  the  low  specific  gravity  of  2*58.  It 
gives  on  analysis — 

Iron 62*27  per  cent. 

Sulphur 37*73 

The  analysis  was  carefully  made,  and  repeated  for  verifica- 
tion, so  that,  notwithstanding  the  specific  gravity  is  so  much 
lower  than  that  assigned  as  characteristic  of  iron  pyrites,  there 
can  be  no  doubt  such  is  the  constitution  of  this  constituent  of 
the  ore  in  question. 

The  cobalt  pyrites  exhibits  the  usual  characteristic  reac- 
tions, generally  subject  to  some  modifications,  which  do  not 
deserve  notice,  as  I  found  them  to  be  mostly  owing  to  the 
high  temperature  at  which  my  experiments  were  made :  one 
however  is  rather  remarkable,  and  not  assignable  to  this  cause, 
but  probably  to  the  particular  natural  constitution  of  the 
mineral,  which,  as  I  have  found,  in  other  cases  modifies  the 
behaviour  of  substances  occasionally. 

Ferrocyanide  of  potassium  produces  in  acid  solutions  a 

*  This  description  is  the  translation  of  a  native  one  given  to  me  with 
the  minerals. 
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bluish-green  precipitate,  which  completely  dissolves  up  in 
forty-eight  hours,  provided  the  solution  be  not  highly  concen- 
trated, to  a  brilliant  emerald-green  fluid,  which  is  not  affected 
by  acids  or  by  standing,  but  the  colour  of  which  changes  to 
greenish  yellow,  without  precipitation,  by  ammonia. 

By  very  careful  and  repeated  analysis,  the  reduction  pro- 
cess having  been  adopted  for  the  metal,  I  found  the  propor- 
tion of  the  constituents  to  be,  taking  the  average, — 

Cobalt 64>'64>  per  cent. 

Sulphur 35-36 

from  which  it  is  obvious  the  substance  is  a  sub-sulphuret,  that 
its  constitution  is  Co2  S,  a  rather  remarkable  result,  consider- 
ing that  the  iron  compound,  doubtless  of  simultaneous  forma- 
tion, is  different. 

The  cobalt  pyrites  has  the  specific  gravity  of  5*4<5.  It  is 
used  by  Indian  jewellers  for  staining  gold  of  a  delicate  rose- 
red  colour;  the  modus  operandi  which  they  follow  I  have 
been  unable  to  learn ;  it  is  a  secret  with  them,  which  they 
are  unwilling  to  disclose. 


LVII.  On  the  Structural  Relations  of  Organized  Beings. 
By  H.  E.  Strickland,  M.A,,  F.G.S.* 

["  PROPOSE  to  make  a  few  observations  on  the  Relations 
*-  which  subsist  between  different  organized  beings  in  re- 
spect of  the  similarities  of  their  physical  structures.  This 
limitation  will  exclude — first,  the  relations  between  individuals, 
such  as  that  of  parent  to  offspring,  for  in  individuals  of  the 
same  species  the  essential  points  of  structure  are  not  similar, 
but  identical;  and  secondly,  the  relations  between  an  organized 
being  and  the  external  circumstances  of  soil,  climate,  or  food, 
to  which  it  is  adapted,  in  other  words,  between  structure  and 
function  ;  for  these  adaptations  of  the  one  to  the  other,  how- 
ever interesting  and  admirable  in  themselves,  are  not  relations 
of  similarity. 

On  comparing  together  the  innumerable  species  of  organ- 
ized beings,  we  find  their  structures  to  present  every  possible 
degree  of  variation,  from  an  almost  perfect  identity  to  the  ut- 
most amount  of  difference  which  the  mind  can  conceive  any 
two  organized  bodies  to  possess.  These  agreements  and  dif- 
ferences are  not  however  devoid  of  laws  and  principles ;  they 
admit  of  being  classed  under  certain  general  heads,  and  we 
thus  discover  the  traces  of  Divine  workmanship  not  merely 

*  Read  before  the  Ashmolean  Society  of  Oxford,  March  10,  1845,  and 
communicated  by  the  Author. 
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in  the  structure  of  an  individual  organism,  but  in  the  mutual 
relations  of  those  organisms,  the  due  combinations  of  which 
constitute  the  Natural  Systems  of  Botany  and  Zoology. 

When  the  human  mind  first  began  to  observe  and  to  com- 
pare the  structures  of  organic  life,  to  generalize  the  points  of 
agreement,  and  thus  to  lay  the  foundation  of  the  Science  of 
Natural  History,  no  inherent  principles  of  classification  were 
even  suspected  to  exist,  characters  were  compared  and  gene- 
ralized at  random,  and  the  arrangements  which  resulted  were 
of  the  rudest  and  most  unphilosophical  kind.  The  most  su- 
perficial and  arbitrary  characters  were  selected  as  the  basis  of 
classification,  and  no  man  was  able  to  give  a  reason  why  one 
mode  of  arrangement  should  not  be  as  correct  and  as  true  to 
Nature  as  another.  Thus  we  find  the  older  naturalists  class- 
ing Lizards,  Tortoises  and  Frogs  with  terrestrial  Mammalia, 
under  the  name  of  "  Four-footed  Beasts,"  while  Serpents 
were  made  into  a  distinct  Class ;  and  Whales,  whose  physio- 
logical organization  is  as  highly  developed  as  in  any  other 
Mammal,  were  dismissed  among  the  cold-blooded  Class  of 
Fish,  into  which  the  humble  Lobster  and  the  Oyster  entered 
from  the  other  side  to  keep  them  company.  By  some  authors 
we  find  the  Echinus  and  the  Hedge-hog  approximated,  be- 
cause both  are  covered  with  spines;  the  Ammonite  and  the 
Rock-crystal  were  described  in  the  same  chapter  "de  lapi- 
dibus";  Shrew-mice  and  Spiders  were  classed  together,  be- 
cause both  were  supposed  to  be  venomous ;  Bats  were  referred 
to  Birds,  Corals  to  Plants,  and  so  on. 

In  the  course  of  the  seventeenth  century,  the  few  who  cul- 
tivated natural  science  began  to  be  conscious  that  these  crude 
arrangements  were  not  satisfactory,  or  consistent  with  the 
realities  of  Nature;  and  in  the  works  of  Ray  and  of  Lister,  we 
perceive  many  instances  of  an  instinctive  preference  for  essen- 
tial instead  of  arbitrary  characters.  But  it  was  Linnasus  who 
first  pointed  out  in  express  terms  the  great  principle  of  the 
Subordination  of  Characters.  This  principle  teaches  us  to  give 
to  each  point  of  structure  its  due  weight,  and  to  attach  more 
value  to  those  peculiarities  whose  immediate  influence  on  the 
mysteries  of  Life  often  renders  them  the  most  difficult  for  our 
senses  to  appreciate,  than  to  those  external  characters  which, 
though  most  conspicuous  to  the  eye,  are  but  remotely  con- 
nected with  the  real  Essence  of  the  creature.  This  principle 
has  been  further  developed  by  later  naturalists,  especially  by 
Cuvier,  and  accordingly  we  now  find  that  in  the  modern  sy- 
stems of  Zoology  the  primary  divisions  of  the  Animal  King- 
dom are  based  on  characters  derived  chiefly  from  the  nervous 
system,  as  being  the  most  important  feature  in  organization, 
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the  secondary  subdivisions  are  grounded  on  the  organs  of  re- 
spiration, groups  of  a  lower  rank  on  the  digestive  system,  and 
so  on,  the  most  superficial  peculiarities,  such  as  external  form 
and  colour,  being  reserved  to  characterize  the  ultimate  groups 
of  genera  and  species.  These  improved  principles  of  classi- 
fication are  gradually  bringing  the  systems  of  Zoology  and 
Botany  into  a  state  of  permanence,  consistent  with  Nature, 
and  satisfactory  to  that  Truth-seeking  Instinct  which  is  inhe- 
rent in  the  human  mind. 

A  further  advance  of  philosophical  Classification  has  shown 
that  the  characters  of  organized  beings  require  not  only  to  be 
subordinated  according  to  their  importance,  but  subdivided 
according  to  their  kinds.  There  are  many  instances  of  cor- 
respondence of  structural  characters  in  organic  beings  which 
can  never  by  any  process  of  subordination  become  elements 
in  a  natural  classification,  and  it  is  important  to  distinguish 
those  which  can  from  those  which  cannot  be  so  employed. 
Zoologists  had  long  been  aware  that  certain  sets  of  characters 
produced  an  arbitrary  or  artificial  method  if  employed  for 
classification,  while  others  seemed  to  lead  to  a  natural  system, 
but  the  question  was  involved  in  obscurity  till  the  time  of 
MacLeay,  who  was  the  first  to  give  us  clear  definitions  on  the 
distinction  between  Affinity  and  Analogy.  He  applied 
his  views  indeed  in  support  of  a  theory,  the  Quinary  System, 
which  few  naturalists  are  now  disposed  to  support,  and  with 
which  we  are  not  now  concerned ;  but  his  elucidation  of  Affi- 
nities and  Analogies  is  not  the  less  valuable  on  that  account. 
Although  I  am  not  disposed  to  take  the  same  view  of  these 
principles  as  that  of  Mr.  MacLeay,  yet  as  the  principles  them- 
selves are  at  the  foundation  of  all  sound  classification,  whether 
in  Zoology  or  Botany,  I  may  be  allowed  to  make  a  few  further 
remarks  upon  this  subject. 

It  appears  to  me  that  the  instances  of  resemblance  or  agree- 
ment of  structure  between  any  two  species  of  organized  beings 
should  be  reduced,  not  into  two,  but  into  three  distinct  classes, 
Affinity,  Analogy,  and  a  third,  for  which  I  propose  to  adopt 
the  name  of  Iconism*. 

I.  The  highest  class  of  these  structural  agreements  is  that 
of  Affinities,  which  appear  to  be  the  direct  result  of  those 
Laws  of  Organic  Life  which  the  Creator  has  enacted  for  his 
own  guidance  in  the  act  of  Creation.  Affinity  consists  in  an 
essential  and  physiological  agreement  in  the  corresponding 
parts  of  organic  beings,  resulting  from  a  uniformity  of  plan 

*  This  term,  suggested  by  the  Rev.  Dr.  Ingram,  President  of  Trinity 
College,  appears  preferable  to  Mimesis,  which  I  had  originally  proposed  to 
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which  pervades  the  System  of  Nature*.  These  essential 
agreements  of  parts  consist  rather  in  a  similarity  of  organic 
composition  and  of  relative  situation,  than  olform.  A  micro- 
scopic examination  of  the  primary  tissue,  or  a  chemical  ana- 
lysis of  its  substance,  will  often  demonstrate  the  true  affinities 
of  a  structure  when  its  external  form  would  only  mislead  us. 
And  when  we  have  proved  an  affinity  to  subsist  between  the 
structures  of  two  organic  beings,  we  then  apply  the  term  to 
the  beings  themselves,  and  say  that  an  affinity  subsists  between 
them,  greater  or  less,  according  to  the  number  and  import- 
ance of  the  organs  in  which  such  affinity  is  shown.  Take  for 
example  the  long,  straight  weapon  of  offence  in  the  Narwhal, 
its  general  appearance  is  that  of  a  horn,  and  such  the  vulgar 
accordingly  call  it;  but  if  we  examine  its  organization  and  its 
chemical  composition,  we  find  that  both  are  utterly  unlike 
those  of  real  horns,  but  correspond  to  the  structure  of  teeth. 
Further,  if  we  examine  the  mode  of  its  connexion  with  the 
skull,  we  find  that  it  is  inserted  into  a  socket  like  other  teeth, 
instead  of  being  attached  in  the  manner  of  horns,  and  we  ac- 
cordingly pronounce  it  to  be  not  a  horn  but  a  tooth,  deve- 
loped for  purposes  of  offence  to  an  extraordinary  extent.  And 
having  thus  shown  that  the  weapon  of  the  Narwhal  has  no 
affinity  to  real  horns,  we  no  longer  appeal  to  this  structure  in 
proof  of  any  affinity  between  the  Narwhal  and  the  truly  horned 
animals.  Again,  the  Narwhal  in  its  external  form  much  re- 
sembles a  Fish ;  but  when  we  look  to  its  nervous,  circulatory, 
and  reproductive  organizations,  which  rank  much  higher  in 
the  scale  of  characters  than  external  form,  we  find  that  it  is 
no  Fish,  but  a  true  Mammal,  agreeing  in  every  essential  point 
with  the  warm-blooded  quadrupeds  of  the  land,  to  which  its 
affinities  are  real  and  direct.  Similar  instances  of  the  dis- 
cordance between  outward  form  and  real  affinity  might  be 
multiplied  to  a  great  extent;  and  it  forms  a  constant  employ- 
ment for  the  scientific  zoologist  to  distinguish  real  affinities 
from  apparent  ones,  and  thus  to  refer  every  organized  being 
to  its  true  position  in  the  Natural  System. 

It  will  thus  be  seen  that  every  instance  of  asserted  affinity 

*  We  may  suppose,  for  instance,  that  it  was  a  law  of  organic  creation 
that  all  Birds  should  have  the  anterior  extremities  modified  into  the  form 
of  wings ;  and  in  obedience  with  this  law  we  find  that  there  is  no  Bird 
which  is  absolutely  without  wings,  though  there  are  several  kinds  in  which 
the  wings  are  perfectly  incapable  of  flight.  Again,  it  is  a  law  that  Mam- 
malia have  neither  more  nor  less  than  seven  cervical  vertebrae ;  and  we  find 
this  law  to  hold  good,  without  an  exception,  through  the  whole  Class  of 
Mammals,  from  the  slender-necked  Giraffe  to  the  Whale,  which  can  hardly 
be  said  to  have  any  neck  at  all.  The  above,  out  of  countless  other  exam- 
ples, will  show  what  is  meant  by  laws  of  organization. 
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between  two  organic  beings  is  merely  a  corollary  deduced 
from  an  observed  affinity  between  the  corresponding  organs 
in  each ;  and  though  it  is  not  usual  to  apply  the  term  affinity 
to  the  similarities  between  parts,  yet  as  the  similarity  between 
the  wholes  results  from  the  similarities  of  their  parts,  the  word 
affinity  may  be  as  correctly  applied  to  the  one  as  to  the  other. 
In  works  of  comparative  anatomy  it  is  customary  to  speak  of 
those  members  which  are  essentially  equivalent  in  two  organic 
beings  as  analogous  organs,  but  we  shall  soon  see  that  the 
word  analogy  has  a  very  different  sense ;  and  as  the  relation 
between  equivalent  organs  is  one  of  real  affinity,  and  forms 
the  sole  ground  on  which  we  assert  the  affinity  of  the  whole 
beings,  we  may  introduce  the  adjective  qffine  or  homologous 
in  place  of  analogous,  when  referring  to  structures  which  es- 
sentially correspond  in  different  organic  beings. 

When  we  say  that  Affinity  consists  in  an  essential  agree- 
ment of  structure  resulting  from  a  fixity  of  purpose  in  the 
mind  of  Creative  Wisdom,  it  must  not  be  supposed  that  all 
affinities  are  equally  strong,  direct,  and  palpable.  Any  agree- 
ment, however  slight,  or  however  concealed  by  more  palpable 
differences,  which  forms  part  of  the  plan  of  organic  existence, 
is  a  true  affinity ;  and  the  principle  of  subordination  of  cha- 
racters before  referred  to  is  merely  the  arranging  of  these  affi- 
nities in  the  true  order  of  their  proximities.  The  proximity 
of  affinities  is  in  the  inverse  ratio  of  their  essential  importance, 
the  most  important  agreements  of  characters  being  those  which 
have  the  widest  extent,  and  which  therefore  form  affinities  be- 
tween the  remotest  points  in  the  System  of  Organized  Beings. 
We  will  illustrate  this  by  an  example  showing  the  successive 
series  of  affinities  which  the  same  species  bears  to  others,  com- 
mencing with  the  most  remote,  and  proceeding  to  the  closest 
affinity  which  can  subsist  between  two  distinct  species.  We 
will  take  as  an  example  the  species  Raven  (Corvus  cora.v). 


A  Raven  has  an 
Affinity  to  an 


it  is  the  same  Affinity  which 
exists  hetween 


and  is  derived  from  the 

Affinity  between  their 

respective 


supplying  the  dia- 
gnostic characters 
of  the 


Oak-tree ; 
Locust ; 
Salmon ; 
Swan; 

Humming  Bird 
Sparrow; 
Jay; 
Magpie ; 
Carrion  Crow ; 


all  Animals  and  all  Plants, 
Vertehrata  and  Insects, 
Birds  and  Fish, 
Inscssores  and  Natatores, 
Conirostres  and  Tenuirostres, 
Corvidae  and  Fringillidae, 
Corvinae  and  Garrulinas, 
Corvus  and  Pica, 
one  species  of  Corvus  and  an- 
other, 


Organic  Life,  &c. 
nervous  systems,  &c. 
vertebral  columns,  &c 
circulatory  systems,  &c. 
structure  of  feet,  &c. 
conical  beaks,  &c. 
structure  of  nostrils,  &c. 
short  elevated  beaks,  &c. 
even  tails,  black  plumage, 
&c. 


Organic  Empire. 
Animal  Kingdom. 
Province,  Vertehrata, 
Class,  Birds. 
Order,  Insessores. 
Tribe,  Conirostres. 
Family,  Corvidce. 
Subfamily,  Corvince. 
Genus,  Corvus. 
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The  affinities  in  this  series  are  seen  to  accumulate  succes- 
sively as  we  proceed  from  the  remotest  organism  to  the  ap- 
proximate species.  The  Raven  and  Carrion  Crqw  not  only 
possess  that  superficial  resemblance  of  form  which  constitutes 
their  generic  character,  but  they  have  in  addition  all  the  other 
points  of  affinity  which  extend  from  them  to  a  greater  or  less 
distance  into  the  realms  of  organic  existence.  Thus  we  find 
that 

The  Raven  has 
organization  in  common  with  all  Organized  Beings, 

a  nervous  system  ...  Animals, 

a  vertebral  column  ...  Vertebrata. 

a  peculiar  circulatory  system  ...  Birds, 

perching  feet  ...  Insessores. 

a  conical  beak  ...  Conirostres. 

the  nostrils  covered  by  feathers  ...  Corvidae. 

ridge  of  the  beak  arched  ...  Corvinae. 

an  even  tail  ...  Corvus. 

and 

a  wholly  black  plumage  ...  Carrion  Crow. 

It  will  be  seen  from  the  above  example,  that  the  whole  pro- 
cess of  classification  consists  in  observing  the  affinities  of 
structure  in  different  beings,  in  estimating  their  importance, 
and  in  arranging  them  according  to  that  estimate.  It  follows 
that  a  clear  comprehension  of  affinities,  as  distinguished  from 
the  other  kinds  of  resemblance,  is  essential  to  the  objects  of 
the  scientific  zoologist. 

Although  affinity  consists  in  an  essential  and  intimate  agree- 
ment in  the  structure  of  certain  organs,  yet  it  by  no  means 
implies  an  identity  of  function  in  those  organs.  The  modifi- 
cations of  external  form  are  so  various  that  we  frequently  find 
the  same  organ  applied  by  different  animals  to  purposes  the 
most  remote  from  its  normal  function ;  and  on  the  other 
hand  we  see  very  different  organs  applied  to  discharge  the 
same  function.  Thus,  as  a  general  proposition,  it  is  certain 
that  the  proper  function  of  wings  is  flying,  of  legs  walking,  of 
fins  swimming;  and  yet  we  find  examples  where  each  of  these 
organs  is  applied  to  any  other  function  but  its  own,  as  in  the 
case  of  the  Bat,  Seal,  Ostrich,  Penguin,  Gurnard,  and  Flying 
Fish.  Hence,  although  it-is  generally  true  that  certain  organs 
are  destined  to  perform  certain  definite  functions,  yet  the  ex- 
ceptions are  so  frequent  as  to  make  us  attach  a  minor  degree 
of  importance  to  function,  while  we  give  the  fullest  weight  to 
those  essential  properties  which  form  the  only  test  of  real  af- 
finity. 
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II.  We  have  next  to  consider  that  class  of  structural  agree- 
ments known  by  the  name  of  Analogies.  These  consist  in  a 
similarity  of  external  form  and  of  function  connected  with  it, 
but  without  that  agreement  of  essence  which  constitutes  Affi- 
nity. These  analogous  agreements  are  equally  the  result  of 
natural  laws,  but  of  laws  of  a  different  class  from  the  former. 
Agreements  of  affinity  are  produced  in  conformity  with  the 
laws  of  the  organic  Creation,  while  analogies  have  a  reference 
to  the  laws  and  properties  of  external  and  often  inorganic 
matter.  In  obedience  to  these  laws,  it  follows  that  when- 
ever an  instrument  is  required  to  produce  a  given  effect  upon 
external  objects,  or  to  resist  their  influences  in  a  given  manner, 
there  is  in  general  one  method,  and  one  only,  of  effecting  the 
object  in  the  best  and  most  effectual  way.  Accordingly,  what- 
ever be  the  organ  or  instrument  employed,  that  organ  must 
have  a  certain  and  definite  mechanical  structure  bestowed 
upon  it  to  obtain  the  desired  end.  As  a  general  rule,  the 
same  end  is  attained  in  different  organic  beings  by  means  of  the 
same  set  of  organs ;  but  when  those  organs  are  required  for 
any  other  purpose,  or  are  so  modified  as  to  be  unfit  for  that 
special  end,  then  some  other  set  of  organs  are  endowed  with 
the  requisite  external  structure  and  are  called  upon  to  act  as 
substitutes  for  the  legitimate  instruments.  Examples  of  this 
adaptation  of  organs  to  purposes  remote  from  their  normal 
destination  are  numerous  and  well-known  ;  and  I  cannot  do 
better  than  refer  to  the  late  Mr.  John  Duncan's  work  on  the 
Analogies  of  Organized  Beings,  where  there  are  numerous 
examples  of  such  analogies  arranged  in  a  tabular  and  highly 
perspicuous  form.  We  need  only  take  the  Elephant  as  an  in- 
stance. We  may  suppose  that  this  animal  required  horns  for 
the  purpose  of  defence,  but  it  belongs  to  an  order,  the  Pachy- 
dermata,  in  which  horns  are  uniformly  absent,  and  the  laws 
of  Affinity  forbade  their  introduction.  To  supply  this  defect, 
the  incisor  teeth  are  removed  from  their  usual  duties  of  mas- 
tication, and  are  so  developed  as  to  assume  the  form  and  dis- 
charge the  function  of  horns.  Further,  the  great  size  and 
weight  of  these  lengthened  tusks  required  a  great  strength  and 
shortness  of  neck,  and  the  animal  was  consequently  unable  to 
reach  the  ground  with  his  mouth.  A  hand  was  therefore  re- 
quired to  convey  the  food  to  the  mouth,  but  the  vast  weight 
of  the  animal  required  a  massive  structure  in  the  feet,  which 
forbade  them  to  be  adapted  to  the  purpose  of  hands.  To 
supply  this  want  then  the  nose  is  lengthened  out,  furnished 
with  muscles,  divided  at  the  end  into  a  finger  and  thumb,  and 
in  this  proboscis  behold  a  hand  !  almost  equal  in  delicacy  of 
manipulation  to  the  hand  of  Man.   And  thus  we  see  the  Ele- 


Relations  of  Organized  Beings.  361 

phant,  endowed  in  one  respect  with  an  analogy  to  the  Ox, 
and  in  another  respect  to  Man,  yet  having  no  immediate 
affinity  with  either. 

As  then  Analogy  consists  in  an  agreement  of  function,  and 
only  of  form  so  far  as  it  tends  to  discharge  that  function,  it 
follows  that  real  and  genuine  Analogies  may  take  place  be- 
tween the  works  of  Nature  and  the  works  of  Man,  while  no 
such  relation  of  Affinity  can  possibly  exist.  When,  for  in- 
stance, the  inventive  powers  of  Man  are  called  upon  to  imi- 
tate any  of  the  operations  of  Nature,  the  external  matter  to 
be  acted  on  being  in  both  cases  the  same,  a  similar  arrange- 
ment of  form  is  adopted  by  both.  If  the  problem  be  to 
make  a  floating  body  adapted  for  rapid  motion  through 
water,  Man  either  by  practical  experiment  or  mathematical 
calculation  produces  the  form  of  a  boat,  and  thus  uncon- 
sciously imitates  the  structure  of  the  Whale  and  Seal  among 
Mammals,  the  Penguin  among  Birds,  the  Ichthyosaurus  and 
Turtle  among  Reptiles,  the  Fish  among  Vertebrata,  the  Dy- 
tiscus  among  Coleoptera,  the  Notonecta  among  Hemiptera, 
Sepia  among  Mollusca,  Physalia  among  Acalephae,  &c.  &c. 
Nor  is  the  analogy  between  a  ship  and  a  Fish  confined  to  the 
external  form  only ;  the  keel  of  the  one  represents  the  spine 
of  the  other,  the  "  ribs  "  of  both  agree  in  name  as  in  nature, 
the  rudder  coincides  with  the  tail,  the  oars  with  the  fins,  the 
masts  with  the  spinous  processes,  the  running  rigging  with 
the  tendons,  the  seamen  with  the  muscles,  the  look-out  man  on 
the  forecastle  with  the  eye,  and  the  captain  in  the  cabin  with 
the  mental  faculties  in  the  Fishes'  brain.  Again,  what  can 
be  more  striking  than  the  analogy  between  a  locomotive 
steam-engine  and  a  living  Animal  ?  We  see  in  both  an  ana- 
logous respiratory  and  digestive  system,  the  same  necessity  for 
food  and  drink  and  oxygen  to  sustain  that  internal  combus- 
tion which  is  the  source  of  the  vital  action,  the  same  obedience 
of  the  organs  of  motion  to  the  impulse  of  the  governing  mind, 
and  the  same  wear  and  tear  of  the  system,  terminating  in  old 
age  and  sudden  or  gradual  death.  Yet  in  all  these  cases  there 
is  no  set  purpose  on  the  part  of  Man  to  imitate  the  works  of 
Nature,  he  merely  applies  the  faculties  which  God  has  given 
him  to  elicit  the  properties  which  the  same  God  has  given  to 
matter ;  and  by  this  process  alone  he  often  arrives  at  the  same 
or  similar  results  to  those  at  which  Creative  Wisdom  had  ar- 
rived before  him.  It  appears  to  me  therefore,  that  relations 
of  Analogy,  that  is  to  say,  agreements  in  structure  in  conse- 
quence solely  of  an  agreement  in  the  function  to  be  performed, 
may  be  as  truly  and  as  correctly  asserted  to  exist  between  ar- 
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tificial  and  natural  productions,  as  between  one  object  of  the 
latter  class  and  another.  It  is  clear  from  this  how  much  lower 
Analogies  ought  to  stand  in  our  estimation  than  Affinities. 
The  latter  form  an  essential  part  of  that  magnificent  plan  of 
Creation,  which  notwithstanding  the  amount  of  attention 
which  Man  has  given  to  it,  is  of  so  transcendental  a  nature, 
that  it  may  almost  be  said  to  be  yet  "  to  us  invisible  or  dimly 
seen."  Analogies,  on  the  contrary,  appear  not  to  form  any 
element  whatever  in  the  great  System  of  Nature,  but  are 
merely  examples  of  the  recurrence  of  certain  mechanical 
forms  whenever  the  production  of  a  certain  mechanical  action 
called  for  them ;  and  so  far  from  their  being  at  or  beyond  the 
verge  of  human  comprehension,  we  have  seen  that  Man  enjoys 
the  high  privilege  of  copying  by  these  Analogies,  at  a  humble 
distance,  the  far  transcendent  works  of  his  Maker. 

It  would  be  an  improvement  in  the  language  of  Compara- 
tive Anatomy,  if  the  term  analogous  organs  were  limited  to  the 
sense  above  defined.  The  serrations  in  the  beak  of  a  duck, 
for  instance,  are  analogous  in  form  and  in  function  to  teeth., 
but  in  their  essential  nature  they  are  only  a  corneous  modifi- 
cation of  the  lips.  Most  anatomists,  however,  would  habitu- 
ally say  that  the  beak  of  a  bird  is  analogous  to  the  lips  of  a 
Mammal,  though  it  must  be  evident  how  much  more  precise 
their  language  would  become  if  they  spoke  of  this  essential 
relation  as  an  affinity,  and  applied  the  word  analogous  to  for- 
mal or  functional  relations  only.  A  similar  inaccuracy  is 
committed  by  geologists  in  speaking  of  the  recent  analogue  of 
a  fossil  species,  meaning  thereby  that  living  species  which  has 
the  nearest  affinity  to  the  extinct  one.  It  would  be  more  cor- 
rect if  they  would  term  it  the  recent  ajjine,  or  the  recent  homo- 
logue. 

III.  There  is  yet  a  third  species  of  relation  of  structural 
similarity  between  organized  beings  which  has  usually  been 
confounded  with  Analogy,  but  which  appears  to  me  to  be  di- 
stinct from  it  in  kind,  as  well  as  far  inferior  to  it  in  import- 
ance,— I  refer  to  those  cases  where  a  resemblance  in  form  or 
configuration  exists,  but  without  any  perceptible  identity  either 
of  essence  or  of  function.  Such,  for  example,  are  the  resem- 
blances between  the  flower  of  the  Bee  Orchis  and  a  Bee,  be- 
tween the  shell  of  Murex  haustellum  and  a  Woodcock's  head, 
between  a  Fungia  and  a  Fungus,  Ovulum  and  an  egg,  Haliotis 
and  an  ear,  &c.  To  this  class  also  belong  the  numerous  in- 
stances of  similarity  of  colour  between  Birds  whose  affinities 
are  remote,  such  as  the  resemblance  of  Oriolus  to  Xanthomas, 
of  Dicrurus  to  Corvus,  of  Cissopis  to  Pica,  of  Agelaius  phceni- 
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ceus  to  Campephaga  phcenicea.  Many  errors  of  classification 
have  been  caused  by  mistaking  these  similarities  for  true  affi- 
nities. 

Not  only  are  such  cases  of  external  resemblance  uncon- 
nected with  any  agreement  in  the  essential  structures  of  the 
bodies  compared,  but  there  is  no  conceivable  similarity  in  the 
functions  which  they  are  created  to  discharge.  I  think  there- 
fore that  it  is  not  going  too  far,  nor  departing  from  that  vene- 
ration which  the  true  naturalist  will  always  feel  for  Nature's 
God,  to  call  such  superficial  coincidences  of  form  accidental. 
They  seem  to  arise  from  the  exuberant  variety  of  the  works 
of  Nature  which  causes  an  occasional  recurrence  of  similar 
forms,  without  any  express  design  for  such  coincidences. 
Nothing  can  be  inferred  from  such  resemblances,  either  as  to 
essential  affinity  or  functional  design ;  and  they  would  almost 
have  been  beneath  our  notice,  were  it  not  that  some  authors 
have  regarded  them  as  examples  of  real  analogies.  The  ad- 
vocates of  the  Quinary  theory  of  classification,  who  regard 
Analogies  to  be  as  important  an  element  in  the  Natural  System 
as  Affinities,  often  speak  of  these  mere  resemblances  in  the 
light  of  true  Analogies,  and  appeal  to  them  in  confirmation  of 
their  views.  Regarding  however,  as  I  do,  those  views  to  be 
erroneous,  I  think  it  important  that  the  distinction  between 
functional  Analogy  and  mere  resemblance  should  be  clearly 
pointed  out;  and  to  render  the  distinction  more  marked,  I 
would  distinguish  the  latter  by  the  new  term  Iconism. 

We  must  beware  indeed  of  too  hastily  pronouncing  an  in- 
stance of  resemblance  to  be  an  Iconism,  merely  because  we 
cannot  immediately  detect  any  functional  analogy.  There 
may  be  real  reasons  for  these  resemblances,  real  agreements  in 
the  functions  to  be  discharged,  which  we  have  not  yet  de- 
tected, and  perhaps  may  never  discover.  A  person  might 
say,  for  instance,  that  the  species  of  Mantis  called  the  "  walk- 
ing leaf"  presents  a  mere  Iconism  or  accidental  resemblance 
to  true  leaves ;  whereas  it  is  highly  probable  that  this  very  re- 
semblance is  given  to  the  animal  to  enable  it  to  remain  con- 
cealed from  its  foes  amid  the  verdant  foliage.  Such  at  least 
is  undoubtedly  the  intention  of  numerous  instances  in  which 
animals  present  an  analogous  colour  to  the  surrounding  sur- 
face, and  even  undergo  corresponding  changes  with  it,  such 
as  that  of  the  Ptarmigan,  which  during  summer  is  of  a 
speckled  gray  plumage,  like  the  lichen-covered  rocks  which  it 
frequents,  while  in  winter  it  becomes  a  pure  white  when  those 
rocks  are  covered  with  snow. 

I  have  now  endeavoured  to  show  that  the  relations  of  re- 
semblance in  organized  beings  are  of  three  kinds,  diminishing 
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564  Abstract  of  Meteorological  Observations 

successively  in  importance ;  that  Affinities  are  expressions  of 
the  real  and  elementary  and  esoteric  Plan  of  Creation  which 
the  Author  of  Nature  has  been  pleased  to  follow ;  that  Analo- 
gies are  coincidences  of  structure  consequent  solely  upon  an 
identity  of  external  physical  conditions ;  and  that  Iconisms  are 
merely  accidental  recurrences  of  similar  forms  resulting  from 
the  exuberance  of  Nature's  riches.  It  is  evident  that  these 
distinctions  must  be  clearly  understood  before  we  can  make 
any  progress  in  Natural  History  as  a  Science,  and  the  re- 
marks above  offered  may  perhaps  aid  in  drawing  attention  to 
the  subject  or  removing  the  difficulties  which  surround  it. 


LVIII.  Abstract  of  Meteorological  Observations  made  during 
the  year  184-5  at  Gongo  Soco,  in  the  interior  of  Brazil.  By 
William  Jory  Henwood,  F.R.S.,  F.G.S.,  Member  of  the 
Geological  Society  of  France,  Chief  Commissioner  of  the 
Gold  Mines  of  Gongo  Soco  and  Catta  Preta,  fyc.  fyc.  * 

HPHE  rich  gold  mines  of  Gongo  Soco  are  situated  in  the 
■■-  province  of  Minas  Geraes,  about  forty-eight  miles  north- 
west of  the  city  of  Ouro  Pretof  (Villa  Rica),  in  long.  43°  SO' 
west  and  lat.  19°  58'  30"  south,  in  a  vale  bounded  on  the 
north  by  the  wooded  mountain-range  of  Tejuco,  and  on  the 
south  by  undulating  grassy  lowlands,  which  at  the  distance  of 
about  eight  miles  are  terminated  by  the  mountain- chain  of  the 
Caracas,  which  rises  from  4000  to  5000  feet  above  the  plain. 
Barometrical  measurements  J  give  Gongo  Soco  an  elevation 
of  about  3360  feet  above  the  sea  at  Rio  de  Janeiro. 

The  thermometrical  observations  were  made  at  such  times 
as  my  occupations  permitted,  but  the  hours  are  probably  not 
the  best  possible §.  The  midnight  observations  were  made  by 
Captains  Blarney,  Luke,  and  Guy,  and  the  thermometer  they 
used  needed  a  constant  correction  of  20,8  +  ;  all  the  others 
are  my  own,  and  the  thermometer  I  employed  was  a  standard 
one  (No.  89)  of  the  British  Association.  The  thermometer  is 
suspended  in  a  wooden  box  pierced  with  numerous  holes,  and 
hangs  at  about  six  feet  above  the  ground,  in  a  shed  open  at 
all  sides,  and  is  well  protected, — as  well  from  reflected  heat 
as  from  the  direct  rays  of  the  sun, 

*  Communicated  by  the  Author. 

f  Mr.  Caldcleugh  estimates  the  elevation  of  Ouro  Preto  at  3969  feet 
above  the  sea. — DanieWs  Meteorological  Essays,  p.  345. 

%  Made  by  the  Austrian  Mining  Engineer,  M.  Virgil  von  Helmreichen. 

§  The  observations  at  4  and  8  p.m.  give  higher  results  than  would  have 
been  afforded  at  3  and  9  respectively. 
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Table  III. — Mean  temperature  of  each  of  eight  hours. 


6  a.m.     .     .  62*45 

9 66-39 

Noon      .     .  72-44- 

4  p.m.     .     .  73-26 


6  p.m.     .     .  70- 

8 66-66 

9 65-11 

Midnight     .  63-42 


The  foregoing  results  give  a  mean  temperature  of  670,46 : 
as  however  the  observations  at  4  and  8  p.m.  give  higher  re- 
sults than  would  have  been  afforded  if  the  observations  had 
been  made  at  3  and  9  p.m.  instead,  and  as  we  are  without 
observations  at  3  a.m.,  I  consider  the  foregoing  temperature 
about  2°*3  above  the  true  mean,  which  in  this  case  will  be 
about  65°-14. 

Circumstances  have  prevented  my  making  many  compari- 
sons between  the  indications  of  the  thermometer  in  the  shade 
and  when  exposed  to  the  direct  action  of  the  sun's  rays.  In 
the  following  instances,  however,  the  instrument  was  suspended 
at  about  three  feet  above  a  surface  of  newly-turned  garden- 
mould,  of  a  deep  red  colour. 

Table  IV. 
Date.  Therm,  shade.    Therm,  sunshine.  Remarks. 

June  28, 3  p.m.  67*5  87*  Calm. 

...    29,  Noon  64-5  79*8  Calm. 

Nov.    2, 2  p.m.  83*5  99-3  Light  breeze  E. 

Dec.  29,4-...  82-2  97*2  Brisk  breeze  W. 

My  garden  is  a  level  spot  of  about  one-third  of  an  acre  in 
area,  and  contains  several  orange  and  coffee  trees,  besides 
other  shrubs;  none  of  them,  however,  are  very  large;  and 
the  rain-gauge  is  placed  on  the  ground  at  a  distance  from 
them  all,  in  the  centre  of  the  garden. 

Table  V. — Quantity  of  rain. 

inches. 

January 23*32 

February 23*03 

March 12*84 

April 8*06 

May 1-60 

June 1-09 

July 1-28 

August 1-05 

September 3*88 

October 9*14 

November 27* 

December 12-46 

Total  in  1845.  124-75 
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Although  the  rain  is  occasionally  very  heavy,  I  have  seen 
none  to  compare  with  the  results  recorded  by  Prof.  Forbes*. 
The  heaviest  showers  I  have  seen,  were 

January  13,  6  p.m.,  when  1*12  inch  of  rain  fell  in  1  hour. 

17,  2    0-72        20  minutes. 

November  13,  4    1-04        17     ... 

24,  5 1-2  25     ... 

25,  2    ...      ...     2-24        l£  hour. 

The  heaviest  falls  of  rain  during  twenty-four  hours  were, 
February  22,  when  3*92  inches  were  collected ;  November 
26,  when  3*76  inches  were  collected. 

At  the  commencement  of  the  wet  season,  heavy  thunder- 
storms precede  the  rains  for  several  days;  they  usually  begin 
early  in  the  afternoon,  but  generally  pass  off  as  evening  .ap- 
proaches. As  the  season  advances,  they  become  daily  later ; 
and  towards  its  conclusion,  the  time  of  their  appearance  is 
very  irregular. 

From  April  to  August  there  is  usually  but  little  rain,  and 
the  continued  drought  enables  the  farmer  to  burn  the  dry 
stubble  of  his  maize  and  beans,  and  to  clear  his  grounds  for 
tillage;  for  several  weeks  during  August ,and  September  the 
atmosphere  is  filled  with  the  smoke  from  these  burnings ;  and 
at  this  time  violent  thunder-storms,  with  heavy  showers,  are 
frequent  f. 

For  two  or  three  weeks,  about  the  end  of  January  and  the 
beginning  of  February,  there  is  usually  a  cessation  of  rain 
and  a  continuance  of  unclouded  sunshine  (the  veronica)',  but 
no  such  interval  occurred  in  1845$. 


I  am  unprovided  with  a  barometer,  hygrometer,  and  many 
other  instruments  necessary  for  a  regular  course  of  meteoro- 
logical observation,  as  on  leaving  England  my  stay  in  Brazil 
was  not  expected  to  have  exceeded  a  few  months ;  and  I  have 
not  obtained  them  since,  as  the  requisite  attention  to  them 
would  interfere  with  the  indispensable  duties  of  my  office.  I 
have,  however,  a  considerable  series  of  observations  on  the 

*  Reports  of  the  British  Association  (1832),  p.  252,  and  (1840)  p.  113- 
116. 

f  I  believe  it  has  been  long  known  that  thunder-storms  and  rains  follow 
the  fires  on  the  great  prairies  of  North  America,  but  I  am  unable  to  refer 
to  my  authority  for  the  remark. 

X  A  season  seldom  passes  without  heavy  hail-storms  in  this  province : 
during  the  early  part  of  the  wet  season  of  1844,  I  saw  two  such  here;  but 
during  the  present  year  we  have  had  none,  although  there  have  been  some 
of  great  severity  in  the  neighbourhood. 


368       Dr.  R.  D.  Thomson  on  Pegmine  and  Pyropine. 

intensity  of  terrestrial  magnetism,  but  their  reduction  must 
await  more  leisure. 

I  am  aware  of  the  poverty  of  my  remarks,  and  nothing  but 
the  scantiness  of  recorded  observations  in  the  interior  of  Brazil 
would  have  emboldened  me  to  submit  them  to  your  readers. 

Gongo  Soco  Gold  Mines,  W.  J.  HENWOOD. 

January  16,  1846. 

LIX.  On  Pegmine  and  Pyropine,  animal  substances  allied  to 
Albumen.  By  Robert  D.  Thomson,  M.D.,  Lecturer  on 
Practical  Chemistry  in  the  University  of  Glasgow*. 

f  I^HIS  paper  was  written  for  a  government  report,  detailing 
-■•  the  results  of  an  extensive  series  of  experiments  made 
on  the  influence  of  different  kinds  of  food  in  feeding  cattle 
during  the  course  of  1845. 

The  report  was  drawn  up  last  year,  but  has  not  yet  been 
published.  In  reference  to  the  reducing  powers  of  the  ani- 
mal system,  it  is  remarked  that  "  there  is  only  one  instance 
with  which  physiologists  are  at  present  acquainted  that  could 
be  adduced  as  evidence  in  favour  of  any  substance  being  ren- 
dered more  complex  in  the  animal  system,  viz.  the  production 
of  fibrine  or  flesh  from  curd  or  caseine.  So  far  as  chemical 
experiments  carry  us,  we  are  not  in  a  condition  to  affirm  that 
no  fibrine  exists  in  milk ;  but  it  must  be  admitted  that  none  has 
as  yet  been  detected.  If  these  be  correct,  then  it  would  ap- 
pear to  follow  that  the  infant  fed  on  milk  must  derive  its  flesh 
from  the  curd  of  that  fluid ;  and  that  as  curd  contains  no  phos- 
phorus, while  fibrine  does,  the  curd  of  the  milk  in  order  to 
form  muscular  fibrine  is  united  to  phosphorus  in  the  animal 
system,  and  is  thus  built  up  instead  of  being,  as  is  the  rule  with 
other  substances,  reduced  to  a  smaller  number  of  elements. 
The  objection  to  this  view  of  the  subject  is,  that  the  experi- 
ments which  have  been  made  on  fibrine  do  not  prove  that  it 
contains  phosphorus.  They  only  show  that  phosphoric  acid 
can  be  detected  in  it  even  when  it  is  purified  in  the  most  care- 
ful manner  suggested  by  chemical  knowledge,  and  it  would 
therefore  be  somewhat  premature  to  adopt  any  such  analogy 
as  that  which  we  have  been  considering." 

In  support  of  the  view  first  suggested  by  Beccaria  and  ad- 
vocated in  recent  times  by  Prout,  that  the  animal  system 
merely  modifies  the  substances  which  it  employs  as  food,  and 
does  not  produce  them  from  its  elements,  a  series  of  experi- 
ments made  by  the  writer  four  years  ago,  may  be  quoted, 
hitherto  unpublished,  which  demonstrate,  that  in  the  ocean,  as 

*  Communicated  by  the  Author. 
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on  land,  the  higher  subsist  on  the  lower  animals,  because  the 
latter  consist  of  the  same  materials  of  which  the  higher  systems 
are  composed.  Without  the  lower  animals,  therefore,  it  is  ob* 
vious  the  larger  could  not  exist,  and  hence  we  may  infer  that 
the  inferior  organizations  first  peopled  the  earth,  an  argument 
opposed  to  the  idea  of  some  geologists,  that  animals  have  not 
been  developed  in  succession.  '  As  it  is  well  known  that 
oysters  serve  as  food  for  larger  fishes,  and  these  again  for 
more  powerful  species,  experiments  were  made  to  deter- 
mine the  composition  of  oysters,  herrings,  and  haddocks, 
since  it  is  highly  probable  that  these  prey  on  each  other. 
Portions  of  these  fishes  were  well-washed  in  water,  to  remove 
the  oil  and  soluble  matters ;  the  white  residue  was  then  treated 
with  alcohol  and  repeated  digestions  in  aether.  The  resulting 
matter,  which  was  considered  to  be  pure  fibrine,  was  found  to 
have  the  following  composition  in  the  three  species  of  fish 
when  burned  with  chromate  of  potash: — 

Oyster.  Herring.  Haddock. 

Carbon     .     .     53*98  53*77  53*67 

Hydrogen 

Nitrogen  . 

Oxygen    . 

Sulphur    .     .1  22*56  22*44. 

r  c 

10000  100*00  100*00 

It  is  obvious,  therefore,  that  fibrine  can  be  obtained  with 
the  greatest  facility  and  of  the  purest  form  from  fish. 

Can  a  substance  be  obtained  from  Albumen,  fyc.  free  from 
Sulphur  ? 

In  all  of  these  kinds  of  fibrine,  sulphur  could  be  readily  de- 
tected ;  nor  was  it  found  possible  by  any  of  the  methods  which 
have  been  hitherto  described,  to  obtain  either  from  fibrinous 
matter  or  from  albuminous  substances,  a  simpler  body  desti- 
tute of  sulphur.  The  analysis  of  the  milk  detailed  in  a  pre- 
vious part  of  the  report,  afforded  excellent  opportunities  of 
testing  the  accuracy  of  the  idea  supported  by  some  of  the  con- 
tinental chemists,  that  a  substance  can  be  obtained  by  the 
action  of  potash  upon  albuminous  substances  which  contains 
no  sulphur.  On  repeating  the  experiments  that  have  been 
detailed  in  books  upon  a  considerable  scale  with  caseine  or 
curd  of  milk,  which  were  carefully  conducted  by  William 
Parry,  Esq.,  late  of  H.M.  4th  Regiment,  it  was  uniformly 
found  that  the  resulting  product  contained  sulphur.  By  this 
statement,  certainly  it  is  not  meant  to  infer  that  such  a  sub- 
stance may  not  exist,  but  only  that  the  writer  has  not  been 
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able  to  procure  such  a  substance  as  proteine  by  following  most 
scrupulously  the  directions  supplied  by  its  original  describer, 
and  others  who  have  copied  his  descriptions.  His  scepti- 
cism on  this  subject  originated  some  years  ago  when  engaged 
in  researches  on  the  brain,  an  abstract  only  of  which  has  been 
published  in  Liebig's  edition  of  Geiger's  Pharmacie.  The 
process  of  analysis  for  this  intricate  combination  consisted  in 
dissolving  the  albuminous  part  of  the  nervous  system  in  dilute 
caustic  potash ;  a  reagent  which  produces  no  soluble  power 
on  the  peculiar  matter  of  the  brain,  but  combines  with  it, 
forming  an  insoluble  salt.  The  potash  solution,  on  being 
withdrawn  from  the  insoluble  matters,  yielded  by  neutraliza- 
tion with  acetic  acid,  a  substance  which  ought  to  have  been 
proteine,  because  it  was  obtained  by  precisely  the  same  process 
as  that  which  has  been  described  as  the  best  for  procuring 
that  substance.  But  on  dissolving  after  washing  in  potash, 
adding  acetate  of  lead  and  boiling,  it  gave  an  abundant  black 
precipitate,  indicating  the  presence  of  sulphur.  This  experi- 
ment was  shown  to  Prof.  Liebig  by  the  writer  at  the  time 
(1842),  and  it  is  believed  that  that  distinguished  chemist  con- 
siders the  existence  of  proteine  problematical. 

Pegmine. 

About  the  same  period  (four  years  ago),  the  writer  exa- 
mined a  product  of  the  disease  usually  known  under  the  name 
of  the  bufFy  coat  of  the  blood,  a  coating  of  a  buff  colour,  which 
usually  exhibits  itself  on  the  surface  of  inflamed  blood,  and 
which  has  attracted  much  of  the  attention  of  writers  upon  pa- 
thological subjects.  He  found  it  to  be  a  distinct  body,  and 
he  has  been  in  the  habit  of  describing  it  in  his  lectures  under 
the  name  of  'pegmine  (from  Tcryyiia,  coagulum).  It  partially 
dissolves  by  long-continued  boiling  in  water,  but  may  be 
washed  in  cold  water,  like  fibrine,  without  undergoing  any  de- 
composition. It  therefore  possesses  an  equal  right  with  fibrine 
to  the  character  of  a  body  sui  generis.  When  dissolved  in 
potash  and  precipitated  with  acetate  of  lead,  and  the  liquid  is 
boiled,  a  black  precipitate  of  the  sulphuret  of  lead  falls.  The 
following  are  the  results  of  the  analysis  of  this  substance  made 
in  1842,  and  which  the  writer  has  been  in  the  habit  of  quo- 
ting in  his  lectures. 

I.  Pegmine  containing  Fat. 

The  first  specimen  was  prepared  by  simply  washing  the 
bufFy  coagulum  with  repeated  additions  of  cold  water.  It 
was  taken  from  a  patient  affected  with  a  violent  attack  of 
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pleuritis.     It  is  obvious  from  the  analysis  that  it  contained  a 
considerable  amount  of  fatty  matter. 


Carbon  .     .     , 
Hydrogen  . 
Nitrogen     .     . 
Oxygen .     .     . 
Sulphur      .     , 

,     58-80 
.       8-44 

|  1 32-76 

100-00 

II.  Pure  Pegmine. 
Another  specimen  procured  from  a  different  patient,  also 
affected  with  an  attack  of  inflammation  of  the  membrane  of  the 
lungs,  was  treated  with  cold  water,  alcohol,  and  aether  to  re- 
move all  the  fatty  and  oily  matters  mixed  with  it ;  when  burned 
with  chromate  of  lead,  the  following  result  was  obtained : — 

Approximate  true 
II.  composition. 

52-07 

7*14  7-14 

14-40  14-20 

26-79 


Carbon 
Hydrogen . 
Nitrogen    . 
Oxygen .     . 
Sulphur 

I. 

.     52-07 

7-80 

.1  14-00 

.  U6-I3 

100-00  100-00 

It  is  possible  that  the  nitrogen  is  somewhat  undervalued. 

In  the  first  analysis,  the  pegmine  was  dried  at  212°,  in  the 
second  at  300°.  The  same  substance  is  met  with  in  the  infe- 
rior animals,  especially  in  the  horse,  although  not,  it  is  be- 
lieved, in  the  healthy  state  of  that  animal,  as  has  been  as- 
serted, but  in  a  similar  condition  of  the  animal  to  that  in 
which  it  appears  in  the  human  subject — inflammation. 

Pyropine. 

The  only  body  which  bears  any  resemblance  in  composi- 
tion to  the  so-called  proteine,  is  a  beautiful  substance  which  is 
found  occasionally  in  the  tusk  of  the  elephant,  occupying  the 
hollow  portion  of  the  interior  of  that  part  of  the  animal.  It 
possesses  a  fine  ruby  tint,  and  is  sometimes  tough,  but  when 
of  the  finest  colour  is  brittle.  Sections  of  it  exhibit  occasional 
traces  of  the  remains  of  organization.  It  is  insoluble  in  water, 
and  thus  differs  from  glue  or  gelatine,  to  which  it  has  some 
affinities  in  its  physical  aspect.  The  writer  has  not  been  able 
to  satisfy  himself  that  it  contains  no  sulphur,  in  consequence 
of  its  difficult  solubility  in  caustic  potash.  The  composition 
of  pyropine  by  two  analyses  is  as  follows : — 
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I.  II. 

Carbon     .     .     .     53-33  53-50 

Hydrogen     .     .       7*52  7'66 
Nitrogen  .     .     .     l^-SO"] 

Oxygen    .     .     ."W6S  \  38-84 

Sulphur   .     .     J^b5J  


100-00  100-00 

These  analyses  were  communicated  to  Prof.  Liebig  some 
years  ago,  and  published  by  him  in  his  edition  of  Geiger's 
Pharmacies  with  the  omission  only  of  the  nitrogen,  which  had 
not  then  been  determined. 

Liebig  has  suggested,  with  great  plausibility  to  the  writer, 
that  this  beautiful  substance  may  be  an  altered  form  of  blood, 
an  idea  which  receives  some  support  from  the  fact,  that  when 
pyropine  is  incinerated,  it  leaves  0*52  per  cent,  of  a  reddish 
ash, — a  fact  not  sufficiently,  perhaps,  conclusive. 

When  pyropine  is  boiled  in  water,  the  liquid  is  not  precipi- 
tated by  infusion  of  nut-galls,  a  proof  that  it  contains  no  gela- 
tine or  glue.  Neither  is  it  precipitated  by  acetate  of  lead. 
The  colour  of  pyropine  is  not  altered  by  this  treatment,  with 
the  exception  that  a  few  scanty  flocks  of  a  membranous-look- 
ing matter  floated  about.  When  broken  into  coarse  powder, 
it  has  a  rich  ruby  colour;  and  hence  its  name  (pyropus, 
a  ruby).  In  fine  powder  it  is  brown;  a  minute  portion  of  it 
dissolved  in  hot  alcohol,  and  was  deposited  on  cooling  in  the 
form  of  ferruginous  flocks.  The  following  formulae  would  pro- 
bably represent  the  relations  of  the  preceding  bodies  to  each 
other.  They  must,  however,  be  considered  as  mere  possible 
representations  of  their  composition,  calculated  to  exhibit  the 
difference  in  reference  to  their  increasing  amount  of  oxygen. 
Fibrine  .  .  C48  Hgg  N6  016  Sx 
Pyropine  .  C48  H39  N6  016  S  ? 
Pegmine.     .     C48  H39  N6  017  S.r. 

In  these  formulae,  pyropine  is  represented  as  differing  from 
fibrine  in  containing  no  sulphur,  and  pegmine  from  the  prece- 
ding bodies  by  the  presence  of  an  additional  quantity  of  oxy- 
gen. .... 

The  increased  amount  of  oxygen  in  pegmine  may  be  ex- 
plained by  the  circumstance,  that  in  inflammatory  action  respi- 
ration is  more  rapidly  carried  on,  and  in  consequence  a  greater 
quantity  of  oxygen  is  introduced  into  the  system  than  in  the 
healthy  condition  of  the  body.  In  all  cases  of  coagulation  of 
blood  in  contact  with  oxygen,  there  is  observable  a  light  co- 
loured portion  situated  on  the  surface  of  the  coagulum,  afford- 
ing a  proximate  illustration  of  the  production  of  the  buffy 
coat. 
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LX.  On  certain  Definite  Multiple  Integrals. 
By  the  Rev.  Brice  Bronwin*. 

T  N  the  integrals  treated  of  in  this  paper,  let  the  limits  of  in- 
*     tegration  be  given  by  the  equation 

Or  1m  CD 

?  +  p  + +  J?  =  h ^ 

including  both  negative  and  positive  values  of  the  («)  variables. 
Let  P  (r)  =  1 .  2  .  3  ...  r ;  and  for  convenience  let  D,  D„  &c. 

stand  for  -r-,  -jj,  &c.  respectively.   The  general  term  of  the 

series  expressing  the  value  of 

^  =  //  ...  <p(g  —  x,  h—y, ......)  dxdy 

the  odd  powers  of  x,  y,  &c.  obviously  vanishing.  But  by  a 
well-known  theorem,  integrating  for[positive  values  of  x9y,  &c, 
and  doubling  the  result;  making  s=p  +  q  +  ...,  this  term  be- 
comes 

p(p-i)p(?-|)-  .«... 

By  another  known  theorem 

and  the  above  term  is  changed  into 

on  "^  f     PV+"2~)(*D)^(gD^...     ,     ,      , 
2'1*      *g"    P(2s  +  n)         P(y)P(g)...-  *  W<  Vf0; 
And  the  sum  of  all  the  terms  of  the  order  s  is 

2*x8"s-""pVT^r{(,*D),+(SDi)2+"-}'<ffei-") 

=  a§  ...f(s)  to  abridge. 

Hence  \J/  =  a  §  ...  2/(s), (6.) 

s  having  all  integer  values  from  zero  to  infinity. 
Suppose  <f>  (g,  h  ...)  such  that 

(D'  +  D^ +  ...)♦&  *.»)  =  <>. 
*  Communicated  by  the  Author. 
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Then,   separating  the  symbols  of  operation  from  those  of 
quantity, 

D*  +  Dx2  +  D22  +  ...  =  o    Dl  =  -  (D2  +  D,2...  +  DJU,). 

I><=-D*(D2  +  D12+...)  =  -(D2  +  D12  +  ...)D* 

=,  (D2  +  D12+  ..,)«,     B6n  =  -  (D2  +  Dx2  +  ...)3,  &c. 
Therefore 

{«2D2  +  &D*...  +  a2D*  }s  =  (a2D2  +  g2D!2...  +  02DLi)s 
+  s  {a?  D2  +  £  Dx2 ...  +  02  DLi)-5"1  *?  D* 

+  ^i"^  («2D2  +  6*I>ia  -  +  ^DJi-O-'x^i  +  &c. 

=  (a2D2  +  ^D^...  +  fl*D|[_1)' 

-5(a2D2...  +  fi2DLi)s-1(^D2  +  x2DI2...+x2DL1)+&c.. 

=  {a2  D2  +  g2 Dj2 ...  -  x2  D2  -  x2  Dx2 ... y 

=  {(a2-x2)D2  +  (&-k*)D*...  +  p-Wjptiiy. 
In  this  case  therefore 


#s$ 


('.) 


+  (g2-x2)D12...}^(o-, /,...) 
Change  in  this  last  a,  6  ...  A  into  «,  b  ...  £,  but  so  that 
«2  -  x2  =  a*  -1%     &  -  A2  =  62  -  /2,  &c. ; 
and  let  this  change  vj/  into  $,  we  have  obviously 

,       «  § ... 

+  =  ^r.* w 

This  is  an  extension  of  Laplace's  theorem  relative  to  the 
attraction  of  ellipsoids  on  a  point  exterior.  And  if  a,  £,  &c., 
a,  b,  &c.  be  independent  of  g,  /i,  &c,  we  have  also 

To  give  an  example  or  two,  let 

R  =  {(g-^+ik-y)*...}*, 

and  let  Rx  stand  for  the  same  quantity  when  a,  £,  &c.  are 
changed  into  «,  Z>,  &c. ;  then,  since 


(&_        d*_      \_J_ 

W2  +  ^2"7R'1-2"0' 


w  being  the  number  of  variables,  we  have 
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/»/*      dxdy ...  _  otS ...    /»/»      dxdy ...  .    . 

JJ  '"~WZ^~  ab..JJ  '"     R?~2    '      '     *     (    j 

In  the  next  two  examples,  by  way  of  distinction,  let  #,  y,  &c. 

be  changed  into  ax,  a,r,  6y,  6y,  &c. ;  and  let  there  be  three 

variables, 

«  §  y  dx  dy  dz 


fffi 


{(g-ux)2  +  (k-fy)*+{k-yz)*}t 
_*§y   rrp  abcdx  dy  dz 

~  aTcJJJ  { {g  -  axf  +  {h-  byf  +  {k  -  czf}* 

=  rp>Sydxdys/l-x*-f    +Ac,Bc2  +  &c 

aSydxdy  V\  —  x2 — y2 
{(g-axf  +  (k-byf-tkz}i 


SJ\ 


(2.) 


the  equation  of  limits  for  the  first  member  being  x2+y2  +  22=  1, 
that  for  the  second  x*  +  y'2=l.  This  result  is  obtained  by  de- 
veloping into  series  relative  to  z,  then  integrating  for  this 
quantity,  and  lastly  diminishing  c  without  limit,  the  quanti- 
ties A,  B,  &c.  being  finite.  In  the  second  member  it  must 
be  observed,  that  since  c=0,  a=  VV— 72,  b=  VSP—y2. 
If  we  differentiate  (2.)  for  (&),  we  have 


M 


(fc  —  yz)  dx  dy  dz 


{{g-«x?+{h-Sy?+(k-ys?Y 


~m 


kdxdy  V '  l—x2  —y2 


{{g-ax)*  +  {h-by)*  +  Ji*}% } 


(30 


By  integrating  the  first  members  of  (2.)  and  (3.)  relative  to  z, 
we  should  obtain  very  singular  results. 
Let 

R={Cg-*)H  (*-#+(*-*)«}*>  v=J£f*^v±, 

U  the  same  integral  when  «,  £,  y  are  changed  into  a,  b9  c. 

Make 


v  Vto — tL  ^      J'  =sm  u,  —         &  —  sin  v. 

R  S{g-xy  +  {h-yf 

Then 

x=g—  Rsinwsinv,  y—h  —  Rsinwcosw,  z=k—  Rcosm, 
dx  dy  dz=  —  d  R  sin  u  du  dv ; 
or  rather 
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dxdydz  =  d  R  sin  u  du  dv, 
because  (R)  decreases  while  (x)  increases.     Therefore 

U  =  III  R  d  R  sin  u  du  dv  =  —  /  /R2sin  u du  do. 

Putting  the  values  of  .r,  y,  and  z  in 

^LlISI  z!  - 1 
a2  +  &  +  c2  -  j> 


and  making 

1    .         .  1  1 

A  =  -o  sin2  «  sin2  fl  +  to  sin2  «  cos2  v  +  -s 
a"1  tr  c2 


=  -^  sin  u  sin  »  +  75  sin  ^*  cos  u  +  -a  cos  m, 
a  b  c 

o-2        A2        yfc2 

55+j5  +  ?=> W 

we  find 

2  B  /*/»B2 

R  =  -spi     and  U  =  2  /  /  -^  sin  w  c?«  afr;. 

Between  #  =  0  and  u  =  tt,  R  will  be  positive,  and  then  negative 
up  to  u  =  2ir.  We  must  therefore  integrate  from  «=0,  tt=0  to 
u  —  TTf  v=7r.  If  we  leave  out  terms  containing  the  first  power 
of  cos  u,  cos  v,  as  these  would  give  nothing  in  the  value  of  the 
integral,  we  may  make 

p-2  ^2  £2 

B2  _  s  sin2  u  sin2  v  +  7-3  sin2  a  cos2  u  +  -r  cos2  u. 
cr  tr  <r 


sm^  u  =  w, 


Put 

/'o-2  ^2\  g  /t2  /#2  ff2\ 

(l  +  ^si^a-f-^-cos2^^     (g- 1) 

(-S  +  iy  sin9M  +  ^cos2M  =p,      (1  -  ij  sin2w  =  gj 

and  we  have 

B2  =  —  (m-f-  wcos2w),     A  =  •— -(p  +  ^cos2u). 

We  may  obviously  integrate  from 

«  =  0,  w  =  0  to  a  =  — ;      u  =  — , 
2  2 

multiplying  the  integral  by  4.     Therefore 

tt      i r  PC  m  +  n cos  2 v   •        77      o      /*»».P  —  nq.       . 

U  =  1 6  /  /  t — ■ — rssin u dudv=8v  I  — f — — , smudu 

J  J    (p  +  $/cos2»)2  »/  q>2_  g«\| 
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J     Lp  +  q       p—q. 


'■  —  n\         sin  u  du 


p  +  q       p-qj    V{p  +  q)(p-q) 
b  c4g2  sin2  u  +  a4  k2  cos2  u 


a      c2  sin2  u  +  a2  cos2  u 


.  a  c4^2  sin2  u  +  b4  k2  cos2  «"l  sin  «  rfw 

"r 


os2  «1   sin  w  du 
b      c2  sin2  w  +  W-  cos2 #     J        A      ' 

where      A  =  (c2  sin2  m  +  a2  cos2  w)*  (c2  sin2  «  +  b2  cos2  «)*• 


If  we  transform  this  by  making  sin2  u  =  -g ,  and  to 


abridge  A  =  ^/(a^  +  x)  (£2  +  #)(c"2  +  .r),  we  find 

tt  /     /'/g2   ,   ^2  ,     1  a2k2-c2g2 

J    \_al      bl       c2        az-\-x 

1  Z»2F-c2^2\</^ 

+  c2      62  +  a;     J    A  ' 

the  integral  to  be  taken  from  x  —  0  to  x  =  oo  .  In  this  value 
of  U,  v  has  been  taken  in  the  plane  of  x  and  y.  But  if  we 
make  a  and  c,  g  and  £,  and  then  b  and  c,  A  and  k  change  places, 
we  shall  have  two  other  values  of  this  quantity.  Adding  the 
three  values  together,  dividing  the  sum  by  3,  and  multiplying 

fit  O  *y 

by  — ~.  we  find  in  virtue  of  (d.), 
*  abc  v    " 

Jo     \a*-£     lb*~h*     ~c*-k2\ 

As  this  expression  is  complicated,  we  will  find  V  by  an- 
other method.  From  the  formulae  already  given,  we  easily 
perceive  that 

rrr{k—z)dxdydz       rrTi^   .  ,    , 

III „3     —  =  I  I  I  dtxsmu  cos  u  du  dv 

=  /  /  Rsmucosududv=  2 1 1  —  sin  u  cos  u  du  dv 


_4>k  S* /*sinu  cos2  ududv  _^itk  /* sin  u  cos2  u  du 
c2JJ      p  +  qcosll)  c2  J        Vp2— q2 

.        7  7  /*2  cos2  u  sin  u  du 

=4w ab k I 
*S  o 


.(5.) 


V  (c2sin2w  +  a2cos2  w)(c2sin2?^  +  62cos2w)  „ 

And  if  we  transform  this  by  making  sin2w  = —  ,  it  will 

J  *  Vc2  +  x 

become 

Phil.  Mag.  S.  3.  Vol.  28.  No.  188.  May  1846.  2  D 
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2nabck 


J? 


c2+x  ^(a*  +  x)  (b*+x)  (c2 +  «*•)' 
We  have  therefore  in  the  general  case 

dV       rrr(g—x)dxdydz     n      p       r      dx 


~    (a2+.r)A 

^v    „     0   ,  r    dx 


%  a  £  Y  h  J  - 


^v        £  i  r    dx 

d  &  '    */     (<r  +  X)  A 

If  we  multiply  the  first  of  these  by  dg,  the  second  by  dh,  and 
the  third  by  dk,  and  add  them,  we  may  certainly  make  the 
integral  of  the  result 


(6.) 


V  = 


7ra 


V     L  «2  +  ^       62  +  .r       c2  +  *J     A' 


whether  g,  h,  and  &  be  implicitly  contained  in  (6.)  or  not,  if 
we  suppose  A  a  function  of  g,  h,  k.  Let  us  take  the  partial 
differentials  of  it  relative  to  g,  h  and  k,  and  equal  them  to 
their  values  given  in  (6.),  we  shall  have,  leaving  out  quanti- 
ties which  destroy  one  another, 

d    pxdx  _   rd  jY  g2  h*  F   \1~)^2 

rfgv/     A    ~Vdc2{\       a2  +  *      62  +  #      c*+x/Ajdg 
rd  f(  g2  £2  £2    \l\rfca 

T/d*   lA       a2  +  .r       i2+^       c2+.r/AJrf£ 

.  l    {£      A2       F        \^c2_ 
~~  ^  W  +  &8  +  c2      V  rfg  ~ 
In  like  manner, 

d    rxdx  _        d  rxdx  —  n 

dhJ  ~A~  ~  °'      dA./  "A~  -  °* 

— -r—  is  a  quantity  independent  of  g,  h,  k,  and 

also  of  c.  It  must  be  remembered  in  this  process  that  c2=c2 
+  a2  —  y2,  62  ■=  c2  +  £2  —  y2.  But  we  cannot  determine  A  by 
making  g,  h,  k  and  c  infinite,  for  then  both  sides  of  the  above 
equation  will  vanish  independently  of  any  particular  value  of 
this  quantity.  Nor  is  it  easy  to  see  how  we  can  determine  it 
from  hence.     But  we  see  immediately  from  (6.)  that 

p     p[    a*  I?  c2    \  dx 

***V   Xa^Tx  +  WTx  +  c^TxJ  "A 


dx 

3 
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=— j-  II  I  —  sinMsinw  -{•■rsinucosv+T-cosujdRsmududv 

u€y    rtfa*  •       ,  b*  .  c2        \B  .       ,    , 

=  —jL  II  (  —  sinwsinu  +  -r-sinwcosu  +  7-cos?< J-^smududv. 


Taking  account  of  such  terms  only  as  give  value  in  the  final 
result,  this  reduces  to 

%sinududv     '„   PPsmududv       n     /*  s'mudu 


/*/*sinududv  _       Pfsmududv  _        /*  sin  udu 
J  J  A  "    J  J  p  +  qcos2v~     ZJ    \/pi—.q* 


a    /  2     r2  sm  udu 

=  2  a  be1 7T  /      —  ■■ 

J  o    \/(c2  sin2  u  +  62  cos2  u)  [c2 sin2«  +  a2cos2w) 

,         P  dx 

=  abet:  I  —  ■ 

J    \/(a*+x)(b*  +  x)(c*+x) 

Multiply  this  by  the  factor  -**•»  which  for  convenience  has 
r  *  w  abc 

/~*d  x 
been  left  out  of  the  last  steps,  and  we  have  vraSy  /  —  for 

the  result.     By  means  of  this  result,  (4.)  becomes  immedi- 
ately 

v  =  „«y/"{i--£      *       *  )£.  .  (70 

J    L       az  +  x       bz  +  x       cz  +  xj    A  v    ' 

It  seems  not  a  little  strange  that  this  result  should  not  by 
the  direct  method  have  come  out  at  once.  I  might  give  many 
more  examples  in  application  of  the  theory  given  at  the  be- 
ginning of  this  paper;  but  the  above  may  suffice,  the  subject 
being  well  understood. 

Gunthwaite  Hall,  January  27,  1846. 


LXI.  On  the  Storm-Paths  of  the  Eastern  Portion  of  the  North 
American  Continent.     By  William  Radcliff  Birt. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen, 

IN  the  opening  articles  of  the  first  and  second  numbers  of 
the  second  series  of  the  American  Journal  of  Science, 
Mr.  Redfield  has  contributed  some  further  important  informa- 
tion to  our  present  stock  of  knowledge  respecting  the  storm- 
paths  of  the  eastern  portion  of  the  North  American  continent 
and  its  adjacent  seas.  The  chart  No.  1,  illustrating  the  arti- 
cles, exhibits  the  tracks  of  sixteen  hurricanes ;  eight  of  these 
form  an  interesting  group  distinguished  by  this  striking  cha- 
racteristic :  the  paths  are  semi-orbital,  presenting  in  each  case 
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the  half  of  an  ellipse  of  greater  or  less  eccentricity ;  the  apices 
are  confined  to  the  thirtieth  parallel  of  latitude,  and  are  more 
acuminated  as  they  recede  from  the  fiftieth  degree  of  longi- 
tude west  of  Greenwich.  The  remaining  eight  depart  consi- 
derably from  this  type :  four  appear  in  some  measure  to  ap- 
proximate to  it,  but  most  probably  with  very  acuminated 
apices.  A  most  remarkable  one,  of  a  parabolic  form,  with 
its  apex  on  the  twenty-sixth  parallel,  was  observed  in  October 
1837  (XV.).  In- October  184-2,  the  north-western  portion  of 
an  elliptic  path  with  the  apex  still  lower  was  traced  (XIII.). 
The  storm  pursuing  this  path  is  particularly  discussed  in  the 
continuation  of  Mr.  Redfield's  paper,  and  its  identity  with  the 
northers  of  the  Mexican  coast  insisted  on.  Mr.  Redfield  also 
speaks  of  other  storms  that  had  exhibited  the  character  of 
northers  in  the  Gulf  of  Mexico,  and  afterwards  presented  all 
the  features  of  Atlantic  storms.  Speaking  of  a  storm  that  oc- 
curred in  October  1837,  he  says,  "  This  norther  of  the  Mexi- 
can coast  had  become  in  due  course  of  progression  an  At- 
lantic storm"  (see  American  Journal  of  Science,  second  series, 
No.  2,  March  1846,  p.  166).  In  October  1844,  a  storm 
passed  nearly  in  a  direct  line  from  the  Gulf  of  Honduras  to 
Newfoundland  (XIV.);  and  to  the  gale  which  is  first  dis- 
cussed in  the  articles  before  us  (XII.),  a  nearly  direct  west- 
erly course  has  been  assigned  from  all  the  observations  that 
have  come  to  hand. 

It  is  not  my  intention  in  the  present  communication  to  enter 
into  any  examination  of  the  particular  gales  above  enumerated, 
or  to  attempt  to  substantiate  or  refute  either  the  one  or  the  other 
of  the  rival  theories  which  have  been  offered  as  an  explana- 
tion of  the  phenomena.  Those  of  your  readers  who  are  ac- 
quainted with  Col.  Reid's  work,  are  aware  that  he  has  most 
ably  discussed  the  rotatory  theory,  and  for  the  centripetal 
theory,  I  beg  to  refer  to  various  papers  in  the  American  Journal 
of  Science.  I  apprehend  that  the  labours  of  Redfield,  Loomis, 
and  Espy  in  the  United  States,  Col.  Reid  in  England,  and 
Piddington  and  Thom  in  India,  have  brought  the  inquiry  to 
that  point  at  which  it  becomes  essential  to  connect  it  with 
some  kindred  branch  of  science,  in  order  to  see  our  way  clear 
in  resolving  the  interesting  problems  that  suggest  themselves, 
to  strike  out  a  path  for  working  energetically  in  surmounting 
the  obstacles  that  still  retard  our  progress  in  becoming  ac- 
quainted with  the  dynamical  system  of  our  atmosphere,  and 
in  successfully  removing  the  desiderata  as  they  arise. 

Among  the  desiderata  of  these  phaenomena,  and  by  far  the 
most  important,  will  be  found  their  origin  and  final  disappear- 
ance.    Sir  John  Herschel  has  suggested,  in  his  Report  on 
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Meteorological  Reductions*,  that  they  may  be  produced  by 
the  crossing  of  two  large  atmospheric  waves  moving  in  differ- 
ent directions.  Some  interesting  evidence  of  the  existence  of 
such  atmospheric  waves  has  been  brought  forward  at  late 
Meetings  of  the  British  Association.  This  evidence  rests 
entirely  on  the  barometric  affections  of  the  atmosphere  over  a 
large  tract  of  country.  In  order,  therefore,  to  extend  our 
knowledge  of  the  rotatory  gale  (Redfield)  or  the  centripetal 
hurricane  (Espy),  especially  with  regard  to  the  desiderata 
above-mentioned,  I  apprehend  it  will  not  only  be  important, 
but  absolutely  necessary  to  accompany  all  the  observations  of 
the  direction,  force,  and  variation  of  the  wind  with  barome- 
tric readings.  These  readings,  however,  must  not  be  confined 
to  the  mere  period  of  the  passing  of  the  gale ;  evidence  has 
been  adduced  of  the  passage  of  large  atmospheric  waves  oc- 
cupying from  fifteen  to  seventeen  days  between  the  anterior 
and  posterior  troughs,  or  between  successive  crests ;  so  that 
in  order  to  detect  the  origin  of  a  gale  arising  from  the  intersec- 
tion of  two  waves,  to  trace  it  throughout  its  destructive  course 
and  to  observe  its  final  disappearance,  it  will  be  essential  to 
discuss  the  entire  system  of  observations  appertaining  to  both 
waves,  not  only  in  time,  but  also  in  space.  Our  meteorolo- 
gical observations  are  approaching  a  degree  of  uniformity  and 
system  that  bids  fair  for  uniting  these  kindred  inquiries.  I 
have  now  before  me  Prof.  Loomis's  interesting  and  ably  con- 
ceived charts  for  exhibiting  the  principal  phaenomena  during 
the  passage  of  two  storms  over  the  United  States  in  February 

1842,  in  which  he  clearly  shows  the  barometric,  thermome- 
tric,  and  anemonal  phaenomena,  and  exhibits  in  a  very  stri- 
king manner  the  extent  of  rain,  snow,  cloud,  and  blue  sky 
over  the  whole  of  the  United  States  twice  in  the  course  of 
each  day  that  the  storms  prevailed.  The  barometric  phaeno- 
mena are  shown  by  lines  of  equal  pressure;  and  I  apprehend 
that  these  lines  of  equal  pressure  indicate,  especially  in  one  of 
the  two  cases,  that  two  waves  passed  over  the  United  States; 
that  as  the  posterior  slope  of  one  wave  passed  off,  the  anterior 
slope  of  a  wave  of  a  different  system  approached;  and  that  in 
the  point  of  intersection  the  storm  raged.  Should  the  entire 
barometric  observations  taken  over  the  United  States  on  that 
occasion,  February  1  to  4,  1842,  support  the  theory  of  at- 
mospheric waves,  I  apprehend  Sir  John  Herschel's  sugges- 
tions will  be  partly  realized. 

I  cannot  close  this  notice  without  adverting  to  a  most 
important  desideratum  in  this  interesting  inquiry.     Mr.  Red- 

*  Report  of  the  British  Association  for  the  Advancement  of  Science, 

1843,  p.  100. 
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field's  storm-paths  are  confined  to  the  westward  of  the  fiftieth 
meridian,  and  he  is  only  able  to  give  one-half  of  the  ellipse  in 
any  case.  Nearly  the  whole  breadth  of  the  Atlantic  is  a  per- 
fect blank  in  any  storm-map.  Surely  several  captains  may  be 
found  who  will  be  happy  to  make  observations  on  their  pas- 
sages out  and  homeward,  and  transmit  them  to  head  quar- 
ters, either  in  London  or  some  principal  city  in  America ;  the 
only  additional  information  required  to  that  furnished  by  their 
logs,  will  be  the  altitudes  of  the  barometer  at  given  hours  of  the 
day  and  night,  with  its  attached  thermometer.  The  American 
steamers  might  furnish  important  and  valuable  information. 

I  have  the  honour  to  be, 
Gentlemen, 
Your  very  obedient  Servant, 
Cambridge  Heath,  April  22,  1846.  W.  R.  BlRT. 

LXII.    On  the  Jirst  introduction  of  the  words  Tangent  and 
Secant.     By  Prof.  De  Morgan*. 

A  BOUT  the  meaning  and  origin  of  the  word  sine,  there  is 
-*-*-  now  no  discussion.  The  words  tangent  and  secant, 
though  clear  as  to  their  meaning,  have  an  origin  which  is  not 
mentioned  by  historians.  Nobody,  in  fact,  knows  where  they 
came  from ;  very  few  people  care. 

As  it  may  appear  surprising,  and  perhaps  even  doubtful, 
that  the  first  inventor  of  names  now  so  universally  recognised 
should  be  unknown,  I  will  begin  by  stating,  that  neither 
Weidler,  Heilbronner,  Montucla,  nor  Delambre,  mentions  the 
work  in  which  the  words  first  appear.  Montucla  does  not 
allude  to  the  question  of  the  invention  of  these  terms.  De- 
lambre does  it,  as  follows,  in  a  manner  which  shows  that  his 
impression  on  the  subject  was  not  founded  on  anything  precise. 
In  speaking  (Astr.  Moy.,  p.  437)  of  Vieta's  mode  of  desig- 
nating the  trigonometrical  functions,  he  informs  us  that  Vieta, 
after  stating  that  no  elegant  name  had  been  given  to  what  we 
now  call  the  table  of  tangents,  proposed  to  continue  the  use  of 
the  term  tabula  fcecunda,  which  had  been  given  by  Regiomon- 
tanus.  "  Ce  qui,"  continues  Delambre,  "n'est  pourtant  pas 
plus  elegant  que  le  mot  tangente  qu'il  reprouve;  quant  aux 
secantes,  il  veut  qu'on  les  appelle  hypotSnuses  des  feconds.  Ces 
denominations  n'etaient  pas  faites  pour  etre  accueillies ;  on 
s'est  decide  pour  ce  qui  etait  plus  naturel,  plus  commode,  et 
meme  plus  elegant,  quoiqu'en  dise  Viete."  Here  it  is  plain 
that  he  thinks  the  word  tangent  to  have  been  one  of  those 
which  Vieta  spoke  ofj  when  he  threw  his  imputation  of  want 
*  Communicated  by  the  Author. 
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of  elegance  over  all  which  existed.  On  looking  at  the  para- 
graph of  Vieta's  Liber  Inspect  ionum,  which  Delambre  was  then 
describing,  we  find  not  the  smallest  allusion  to  the  word  tan- 
gent, nor  to  any  name  for  the  table,  except  the  old  one  of 
tabula  fcecunda.  So  that  Delambre  must  have  proceeded 
upon  a  general  impression,  that  the  word  tangent  was  in  use 
in  Vieta's  time.  But  as  he  does  not  quote  any  authority  for 
this  impression,  though  much  given  to  incidental  allusion  to 
one  writer  in  his  description  of  another,  it  is  not  necessary  to 
give  it  any  weight  in  the  face  of  the  positive  evidence  which  I 
shall  produce.  I  say  this,  because  an  impression  on  the  mind 
of  Delambre  as  to  a  usage  deserves  more  consideration  than 
the  same  thing  in  the  case  of  any  other  mathematical  histo- 
rian. His  memory  might  fail  on  an  isolated  fact,  or  his  in- 
formation might  be  incorrect  on  books  which  he  had  not  seen ; 
but  he  was  occupied  at  each  one  time  with  masses  of  writers 
of  one  period,  and  came  to  each  author  fresh  from  that  au- 
thor's own  contemporaries,  and  frequently  from  very  close 
reading  of  them. 

After  writing  the  above  paragraph,  I  happened  to  find  a 
passage  in  a  later  writing  (the  Responsorum  liber  octavus,  pub- 
lished in  1.593)  which  might  have  left  the  above  impression  on 
Delambre's  mind.  Here  Vieta  distinctly  names  and  objects 
to  the  words  tangent  and  secant,  and  proposes  to  call  the 
former  prosines  or  amsines,  and  the  latter  transsinuous  lines. 
Laugh  if  you  will,  he  says,  at  the  allegory  of  the  Arabs  (mean- 
ing the  use  of  the  word  which  is  correctly  Latinized  by  sinus), 
but  either  adopt  it  altogether,  or  reject  it  altogether.  This 
passage  strengthens  the  presumption,  that  when  Vieta  wrote 
the  Canon,  &c.  he  had  never  heard  the  words  tangent  or  se- 
cant. The  same  impression  on  the  part  of  Delambre  occurs 
again  in  speaking  of  Pitiscus  (Astr.  Mod.  ii.  33),  when  he 
says,  "  II  a  eu  le  bon  esprit  de  n'imiter  ni  Viete,  ni  Rheticus ; 
il  a  conserve  les  noms  de  sinus,  de  tangentes  et  de  secantes." 
But  where  either  Rheticus  or  Vieta  (in  1579)  was  to  have 
found  the  last  two  names,  we  are  never  told. 

The  Canon  Mathematicus  of  Vieta,  to  which  the  Liber  In- 
spectionum  above-mentioned  is  an  appendix,  was  published  in 
1579.  The  work  in  which  tangents  and  secants  are  first 
mentioned  under  those  names,  was  published  four  years  after. 
Its  author  was  Thomas  Finck,  of  Flensborg  in  Denmark, 
who  was  successively  professor  of  mathematics,  rhetoric,  and 
medicine  at  Copenhagen,  where  he  died  in  1656,  at  the  age 
of  ninety-five  (Aikin,  Gorton,  and  Biogr.  Univ.):  there  are 
references  to  his  astronomical  observations  in  Tycho  Brahe. 
The  work  we  speak  of  was  published  at  Basle,  when  he  was  a 
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student  there  (and  where  two  years  before  he  had  published 
an  ephemeris)  at  the  age  of  twenty-two.  It  is  "  Thoma  Finkii 
Flenspurgensis  Geometries  Rotundi  libri  xiiii.  Ad  Fridericum 
Secundum,  Serenissimum  Dania  et  Norvegice  Regem,  fyc.  Cum 
Gratia  et  Privilcg.  C&s.  Majest.  Basilece,  per  Sebastianum 
Henricpetri :"  quarto.  The  colophon  is  "  Basiled,  per  Sebas- 
tianum Henricpetri)  anno  salutis  humanae  M.D.LXXXIII. 
Mense  Augusto."  The  work  itself  is  well-worthy  of  descrip- 
tion for  its  contents,  independently  of  its  being  the  production 
of  so  new  a  student.  But  I  am  here  only  concerned  with  the 
table  of  sines,  tangents,  and  secants,  and  with  the  audacity  of 
the  young  gentleman  who  presumed  to  alter  the  established 
names  of  the  latter  two.  In  page  73,  after  drawing  the  circle, 
&c,  he  thus  proceeds : — "  Erit  AI  tangens  datae  peripheries. 
Sic  vocare  placuit  quia  sit  perpendicularis  extremae  diametro. 

Geometria  ipsa  commodum  suppeditavit  nomen ;  nee 

aliunde  adferri  commodius  poterit.  Nam  quod  quidem  nu- 
merum  fcecundum  rectam  AI  vocant,  id  ii  videant  quomodo 
defendant:  mihi  non  probabunt.  Damus  aliquid  peritissimo 
illi  artifici  Regiomontano  homini  Germano:  qui  primus  hujus 
vocabuli  author  dicitur:  damus  etiam  aliquid  receptae  con- 
suetudini.  Verum  id  non  facile  damus  ut  verba  ea  in  usu  re- 
tineamus  quibus  elegantiora,  breviora,  significantiora,  veriora 
habeamus." 

At  page  76  the  secant  thus  makes  its  appearance : — "  Sic 
peripheric  AE  secans  est  OEI,  nempe  radius  OE  continuatus 
in  terminum  tangentis  E  cum  continuatione  EI.  Et  hoc 
nomen  huic  recte  accommodatum  putamus.  Joachimus  Rhe- 
ticus  hypotenusam  trianguli  recti  vocat  respectu  anguli  recti 
ad  A  cui  subtenditur.  Verum  cum  referatur  non  ad  angu- 
lum  rectum,  sed  angulum  in  centro  ad  O,  hoc  est  arcum  AE : 
an  non  potius  arcus  secans  dicatur  quam  recti  anguli  hypo- 
tenusa  judicent  alii.  Maurolycus  canonem  Rhetici  paulo  mu- 
tatum  in  Messanensi  Menelai  editione,  nomine  etiam  mutato 
edidit:  et  beneficum  vocavit:  tanquam  recta  OI  seu  numerus 
hanc  definiens  beneficus  diceretur.  At  recta  OI  non  magis 
est  benefica,  quam  recta  AI  fcecunda."  And  again  (p.  130), 
"  Sequitur  canonis  hujus  triangulorum  pars  altera  quae  vulgo 
canon  fcecundus,  nobis  canon  tangentium  dicitur:  et  canon  hy- 
potenusarum  Rhetico,  nobis  canon  secantium  vocatur." 

From  these  passages  it  is  obvious  that  Finck  gives  the  words 
for  the  first  time,  and  defends  them  as  suggestions  of  his  own. 
How  then  does  it  happen  that  his  right  to  them  is  entirely 
unknown?  Did  his  learned  contemporaries  dislike  to  owe 
their  terms  to  a  youth  of  twenty- two  years?  or  did  the  south- 
erns wish  to  avoid  acknowledging  the  young  Dane  ? 
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The  first  after  Finck  who  used  the  words  tangent  and  se- 
cant was  the  celebrated  Jesuit  Clavius,  whose  edition  of  Theo- 
dosius  *,  with  trigonometry  and  tables  attached,  was  published, 
according  to  Lalan.de,  in  1586.  Blundeville,  who  copied  these 
tables  into  his  Exercises,  and  who  is,  as  far  as  I  can  find,  the 
first  Englishman  who  gave  complete  trigonometrical  tables, 
cites  this  date.  These  tables  of  Clavius  are  those  of  Finck, 
with  the  use  of  the  terms  tangent  and  secant;  but  Finck's 
name  is  entirely  suppressed.  Clavius  does  not  mention  the 
name  of  the  condemned  Protestant  Rheticus :  it  is  not  sur- 
prising that  he  should  have  served  the  other  Protestant, 
Finck,  in  the  same  way.  I  do  not  suspect  Clavius  of  wanting 
to  pass  the  work  of  another  as  his  own ;  he  mentions  Regio- 
montanus  and  Purbach  freely  enough,  and  excludes  none  but 
persons  whom  a  reputable  Jesuit  could  not  name,  as  Pro- 
testants and  Copernicans.  But  I  proceed  to  make  good  my 
assertion. 

The  tables  of  Clavius  are  to  the  same  radius  and  interval 
as  those  of  Finck.  The  sines  are  avowedly  from  Regiomon- 
tanus :  the  latter  gave  differences  to  every  ten  seconds ;  Cla- 
vius does  the  same.  But  Finck  gave  no  differences :  Clavius 
gives  no  differences  to  his  tangents  and  secants.  In  the  tables 
of  this  period,  the  tangents  and  secants  in  the  last  degree  were 
often  very  wrong,  having  hardly  one  of  what  we  call  the  de- 
cimal places  right.  Clavius  agrees  with  Finck  in  every  deci- 
mal place,  and  differs  from  Vieta  and  what  had  then  been 
published  by  Rheticus.  For  instance,  we  take  the  tangent 
and  secant  o"f  89°  50'. 

Tan  89°  50'.  Sec.  89°  50'.  Date. 

Correct  value    343-77371...  34377516... 

Vieta 343-77371..  34377516...  1579 

Rheticus    3437829002  3437843784  1551 

f  Finck 3437829002  3437843546  \  1583 

\  Clavius 343-7829002  3437843546  J  1586 

And  it  is  the  same  throughout :  whenever  Finck  differs  in 
two  or  three  decimal  places  from  Rheticus,  so  does  Clavius  in 
the  same  manner.  And  whereas  Vieta  and  Rheticus  have  the 
semiquadrantal  form,  Clavius  agrees  with  Finck  in  retaining 
the  quadrantal  form. 

There  is  a  particular  reason  why  Finck  should  differ  from 
Rheticus  in  the  secants.  The  former  used  the  reciprocal  of 
the  cosine  carried  to  more  figures  than  it  would  give  truly; 
the  latter  demonstrated  the  formula 

*  I  have  before  me  the  tables  in  the  complete  edition  of  Clavius' s  works, 
and  have  never  seen  the  original  edition. 
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and  used  it.  Clavius  gives  the  same  demonstration  of  the 
same  formula.  There  is  then  no  doubt  that  the  celebrated 
tables  of  Clavius,  the  first  (I  believe)  introduced  into  this 
country,  are  no  other  than  the  tables  of  Finck,  deprotestant- 
ized  by  the  substitution  of  the  name  of  Clavius  for  that  of 
Finck.  If  our  Elizabethan  mathematicians  had  known  this, 
they  would  not  have  let  it  pass  unnoticed. 

The  tables  of  Clavius  were  copied  by  Lansberg  and  Magini 
(1591  and  1592),  both  of  whom  omit  all  mention  of  Finck, 
though  the  second  gives  a  list  of  the  names  which  his  several 
predecessors  gave  to  the  trigonometrical  lines.  So  completely 
did  the  last  name  disappear  from  history,  that  it  is  not  men- 
tioned in  its  proper  volume  of  Delambre  (the  Astron.  Moyenne), 
except  in  the  index,  in  which  it  is  stated,  speaking  of  the  tables 
of  secants,  that  "  Rheticus  l'a  etendue  d'abord  a  toutes  les 
minutes;  et  c'est  ainsi  que  Finckius  l'a  reproduit  en  1583  en 
citant  Rheticus  mort  en  1574."  This  is  incorrect;  Rheticus 
published  nothing  closer  than  to  ten  minutes,  and  Finck,  we 
may  suppose,  could  not  have  found  out  Valentine  Otho  and 
the  manuscripts  at  the  age  of  twenty-two;  he  would  have 
made  his  final  secants  more  correct  if  he  could  have  done  so. 
When  he  cites  Rheticus,  it  is  for  the  name  which  the  latter 
adopted,  not  for  any  mode  of  calculating ;  and  as  I  have  stated, 
he  made  his  own  secants  by  his  own  method. 

This  work  of  Finck  is  so  clear  and  concise,  and  so  much 
above  the  usual  writing  of  the  sixteenth  century,  that  its  author 
ought  to  rank  very  high  among  the  secondary  authors  of  that 
period. 


Being  engaged  in  an  attempt  to  trace  the  earl}'  progress  of 
trigonometrical  tables  in  England,  I  annex  the  results  which 
I  have  obtained,  in  the  hope  that  some  of  your  readers  may 
be  able  to  furnish  additional  information.  I  am  not  aware 
that  any  one  has  ever  investigated  the  point. 

Thomas  Digges  and  John  Dee,  in  their  several  works  on 
the  new  star  in  Cassiopea  (both  published  in  1573,  and  in 
Latin),  mention  and  use  sines,  but  refer  to  foreign  tables; 
Digges  to  the  ten-minute  canon  of  Rheticus,  Dee  to  Regio- 
montanus.  William  Burroughs,  in  his  tract  on  the  Variation 
(written  in  1581),  mentions  and  uses  tables  of  sines,  but  de- 
scribes the  doctrine  of  "  signes  and  triangles "  as  new  and 
strange  to  English  ears.  He  professes  his  intention  of  inter- 
polating the  ten-minute  canon,  and  publishing  it,  if  his  pur- 
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pose  be  not  forestalled  by  other  publications.  This  he  did 
not  do;  and  to  the  edition  of  1614  the  editor  appended  the 
tables  which  Ralph  Handson  had  published  in  his  translation 
of  the  Trigonometry  of  Pitiscus  (of  the  first  edition  of  which 
I  have  not  found  the  date).  The  first  sines  actually  published, 
as  far  as  I  can  find,  were  those  at  the  end  of  Thomas  Fale's 
Horologiographia,  first  published  in  1 593 ;  they  are  to  minutes, 
with  a  radius  of  100000.  The  first  complete  canon  which  I 
can  find  is  that  of  Blundeville,  in  his  Exercises,  first  published 
in  1597.  They  are  taken  from  Clavius,  and  are  to  every 
minute,  with  a  radius  of  ten  millions.  These  Exercises  went 
through  seven  editions  at  least,  and  were  latterly  corrected 
from  Pitiscus.  John  Speidell,  well-known  afterwards  for  his 
logarithms,  published  a  small  table  in  1609,  to  every  ten  mi- 
nutes, and  to  a  radius  of  1000.  Briggs  began  his  calculation 
of  sines  about  1600,  in  ignorance,  we  may  suppose,  of  the  ap- 
pearance of  the  Opus  Palatinum  four  years  before.  This  is 
all  I  have  been  able  to  find  on  the  matter. 

There  is  a  work  expressly  on  the  history  of  the  trigonome- 
trical canon,  which  is  sometimes  cited  by  foreign  writers ;  it 
is  by  Frobesius,  and  was  printed  at  Helmstadt  about  1750; 
but  I  cannot  find  any  copy  of  this  work  in  London. 


LXIII.  Complete  Collection  of  Kepler's  Works. 
By  Dr.  J.  Lhotsky,* 

OROFESSOR  Frisch  of  Stutgardt  has  recently  published 
%  a  programme  of  his  intended  collection  of  the  works  of 
the  great  German  astronomer  and  philosopher,  which,  like  a 
splendid  luminary,  will  enliven  the  dim  polygraphy  of  the  pre- 
sent age.  Considering  Kepler  as  the  real  founder  of  modern 
astronomy,  the  collecting  of  his  works  (many  of  them  very 
rare)  is  a  tribute  most  due  to  such  great  merit.  Our  present 
epoch  seems  especially  adapted  to  such  an  undertaking.  Mo- 
numents are  everywhere  raised  to  the  honour  and  memory  of 
men  who  have  deserved  well  of  humanity  or  of  their  country, 
in  one  or  another  department  of  human  knowledge  or  enter- 
prise. In  following  up  the  track  marked  out  by  Kepler  in 
astronomical  science,  a  degree  of  accuracy  and  perspicuity  has 
been  acquired,  which  is  one  of  the  proudest  trophies  of  the 
human  mind.  In  such  a  time,  it  is  impossible  that  the  claims 
and  memory  of  Kepler  could  be  kept  in  abeyance  any  longer. 
He,  the  modest  searcher  and  deep  thinker,  ought  to  obtain 
his  share  of  attention  and  general  recognition,  so  long  with- 

*  Communicated  by  the  Author. 
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held  from  him, — whose  discoveries  have  been  confirmed  in  so 
splendid  a  way. 

Something,  it  is  true,  has  been  done  in  the  way  of  atone- 
ment towards  his  long-neglected  memory ;  and  it  is  now 
thirty-seven  years  since  over  his  grave  at  Regensburg  (his 
native  city),  the  image  of  the  great  man  was  placed  under  the 
cupola  of  a  monument,  on  the  anniversary  of  his  birth-day, 
amid  the  roar  of  cannon.  It  cannot,  however,  be  said  that 
this  slight  token  of  gratitude  could  suffice  to  the  memory  of 
one  whom  his  coevals  left  in  misery  and  distress,  while  occu- 
pied with  the  examination  of  the  very  innermost  secrets  of 
science ;  while  at  the  same  time  the  produce  of  a  painful  and 
thorny  life,  his  splendid  works,  remained  unknown  and  for- 
gotten. It  is  true,  his  name  is  on  the  lips  of  every  astronomer 
and  philosopher ;  the  three  great  Keplerean  laws  are  yet  the 
main  basis  of  the  knowledge  of  the  heavens ;  still  his  works 
moulder  in  dust  and  oblivion.  On  the  other  hand,  it  must 
be  acknowledged  that  the  present  position  of  mathematical 
science  is  far  different  from  what  it  was  in  the  seventeenth 
century ;  and  problems  are  now  solved  with  facility  and  speed 
which  then  occasioned  much  labour;  and  many  a  deep  axiom 
and  saying  of  Kepler  will  be  more  easily  appreciated  if  pre- 
sented to  the  reader  in  a  more  modern  garb.  But  it  is  not 
merely  the  contents,  but  even  the  form  and  style  of  the  im- 
mortal astronomer's  works,  which  imparts  value  to  them  ;  and 
it  requires  but  little  attention  to  become  familiar  with  that 
form,  albeit  hidden  and  enigmatic. 

There  are  two  reasons,  however,  which  have  hitherto  pre- 
vented the  greater  spread  of  Kepler's  works, — their  rarity 
and  their  external  appearance.  There  is  hardly  a  library  in 
Europe  where  all  the  works  of  Kepler  are  to  be  met  with,  and 
many  where  even  the  most  important  are  wanting.  The  cause 
is  obvious.  In  the  then  condition  of  typography  and  publish- 
ing, only  a  few  copies  could  be  printed,  and  of  those  many 
were  lost  in  conveying  them  about  the  country  and  by  other 
accidents.  Thus,  for  instance,  Kepler's  Harmonie  and  Astro- 
nomia  Nova  are  so  scarce,  that  only  the  largest  libraries  can 
boast  of  their  possession.  The  next  cause  of  the  neglect  of 
our  author's  works,  is  the  wretched  type,  bad  paper,  and 
the  improper  size  of  many  of  them.  The  figures,  moreover, 
are  so  badly  designed,  and  the  letters  thereon  so  indistinct, 
that  they  cannot  be  read  without  difficulty.  These  reasons 
will  be  deemed  sufficient  for  making  a  collection  of  Kepler's 
works.  It  was  the  late  Prof.  Pfaffat  Eslingen,  who,  in  1810, 
first  conceived  this  design,  which,  however,  did  not  come  to 
maturity.    Still,  constant  communications  with  this  gentleman 
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kept  the  conviction  of  the  importance  of  such  an  undertaking 
alive,  and  a  further  investigation  of  the  great  work  increased 
the  interest  for  the  old  astronomer  and  philosopher.  The 
present  editor,  however,  Prof.  Frisch,  did  not  long  enjoy  the 
assistance  of  either  Pfafi^  or  of  the  great  philologist,  Prof. 
Kopp,  both  being  carried  off  by  premature  death.  The 
labour  was  subsequently  much  aided  by  the  head  librarians  of 
Stutgardt  and  Tubingen,  who  defrayed  the  preparatory  ex- 
penses of  the  undertaking.  Of  especial  use  also  was  the  li- 
brary of  Reiitlingen,  which  contains  a  very  complete  collec- 
tion of  the  mathematical  works  of  the  sixteenth  century.  All 
this  must  of  necessity  have  led  to  the  inquiry  after  the  original 
MSS.  of  Kepler,  a  notice  of  which  is  to  be  found  in  Murr's 
Journal  fur  Kunstgeschichte  und  allgemeine  Literatur,  vols.  iii. 
and  xvii.  It  is  to  the  following  effect : — Kepler's  son  Ludwig, 
who  died  in  1663,  had  preserved  the  MSS.  of  his  father  with 
the  intention  of  publishing  a  selection  from  them.  In  fact,  there 
appeared  in  1634,  through  his  endeavours,  a  work  which,  how- 
ever, the  father  had  prepared  for  the  press,  viz.  S omnium  sive 
de  Astronomid  lunari.  All  the  rest  remained  unused,  most  pro- 
bably because  Ludwig,  who  was  a  physician,  could  not  under- 
stand the  problem  of  his  great  progenitor.  From  him  the 
MSS.  went  to  the  celebrated  Selenographer  Hevel,  and  thence 
to  his  son-in-law,  the  common-councilman  Lange  at  Dantzig. 
Of  Lange  they  were  bought  in  1707  by  the  Leipzig  mathe- 
matician, Hansch,  for  100  florins.  They  consisted  of  twenty- 
two  folio  volumes,  which,  besides  the  drafts  of  several  works 
already  printed  (for  instance,  the  Har?nonie,  the  Rudolphine 
Tables,  &c),  contained  the  correspondence  of  Kepler  with 
many  distinguished  personages,  several  astronomical  works 
merely  begun,  and  a  host  of  miscellaneous  notices.  Hansch 
intended  to  publish  these  MSS.  in  a  splendid  form,  but  was 
only  able  to  begin  this  undertaking  (too  costly  in  the  form  he 
had  projected  it),  and  the  Epistolce  ad  Keplerum  scripta?,  in- 
sertis  ad  easdem  responsionibus  Keplerianis,  which  was  patron- 
ized by  the  emperor  Charles  VI.,  was  the  only  result  he  ever 
achieved.  The  MSS.  thus  published,  are  to  be  found  in  the 
Imperial  Library  of  Vienna.  As  Hansch  fell  into  poverty, 
he  was  obliged  to  pledge  the  MSS.;  and  as  he  could  not 
redeem  them,  one  Etringer,  of  Frankfort  on  the  Maine,  re- 
deemed them  for  128  florins.  Thence  they  came  (probably 
by  inheritance)  to  a  Mrs.  Trummer  at  Frankfort,  where  they 
remained  unknown  until  1770,  when  Christopher  de  Murr,  a 
man  deserving  well  of  literature,  called  attention  to  them. 
For  the  purpose  of  recovering  them  from  oblivion,  he  ad- 
dressed himself  to  several  astronomers,  as  Mayer,  Bernouilli, 
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Kastner,  &c. ;  but  besides  laudatory  commendations  on  his 
undertaking,  they  could  not  afford  any  substantial  aid.  Con- 
sequently Murr  sent  the  catalogue  of  the  MSS.  to  St.  Peters- 
burg, and  solicited  Euler  for  his  intercession.  On  the  re- 
commendation of  the  latter  and  other  savants,  they  were  pur- 
chased in  1774  for  the  St.  Petersburg  Imperial  Academy. 
The  academicians  Euler,  Krafft,  and  Lexell  received  orders 
to  peruse  the  MSS.  and  to  select  those  worthy  of  publication. 
Lexell  began  the  revision  of  a  nearly  completed  work  of  Kep- 
ler's, on  the  motion  of  the  moon,  entitled  Hipparchus;  but 
there  it  ended,  and  neither  the  work  nor  the  promised  com- 
pletion ever  saw  the  light.  These  MSS.  have  ever  since  re- 
posed, as  Prof.  Krafft  writes,  "  an  ornament  of  the  Peters- 
burg Library," — useless,  unknown.  Prof.  Frisch  took  great 
pains  to  obtain  these  MSS.  Introduced  by  Baron  de  Regen- 
dorff,  Russian  Minister  at  Stutgardt,  and  Prof.  Schelling,  he 
addressed  himself  to  the  imperial  government,  and  received 
the  assurance  that  the  use  of  them  would  be  granted  to  him ; 
and  from  the  known  scientific  munificence  of  the  Petersburg 
cabinet,  it  is  to  be  hoped  that  his  further  request  for  the  loan 
of  the  MSS.  will  be  shortly  granted. 

As  to  the  plan  on  which  the  works  are  to  be  edited,  Prof. 
Frisch  makes  the  following  statement: — The  original  text 
will  remain  unchanged,  except  where  palpable  error  has 
crept  in,  as  it  is  intended  that  Kepler  shall  appear  throughout 
in  his  truest  form.  The  notes  will  be  as  few  and  concise  as 
possible,  in  order  not  to  increase  the  bulk  of  the  work ;  they 
will  treat  either  on  historical  points,  or  explain  difficult  pas- 
sages. As  most  of  the  works  of  Kepler  are  in  Latin,  the 
adoption  of  that  language  for  the  notes  has  been  deemed  ex- 
pedient. The  introduction  which  will  precede;  the  whole  is  to 
contain  a  survey  of  the  condition  of  mathematical  and  natural 
science  in  the  century  preceding  the  life  of  Kepler,  and  to 
this  will  be  attached  his  biography,  mostly  relating  to  his  sci- 
entific labours.  But  as  it  is  possible  that  some  of  the  MSS. 
at  St.  Petersburg  may  contain  materials  for  the  elucidation  of 
this  subject,  the  compiling  of  it  will  be  deferred  until  it  shall 
be  ascertained  whether  permission  will  be  granted  for  the  use 
of  them. 

The  works  will,  as  far  as  possible,  be  printed  in  the  order 
in  which  Kepler  composed  and  published  them.  But  those 
relating  to  chronology  will  be  put  together,  and  those  con- 
sisting mostly  of  numerals,  as  the  Ephemerides,  the  Rudol- 
phine  Tables,  and  the  work  on  Logarithms,  will  form  the  last 
part  of  the  collection.  Prof.  Frisch  concludes  his  programme 
by  calling  upon  all  friends  of  science  to  aid  him  in  an  under- 
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taking  the  difficulty  of  which  he  is  perfectly  aware  of.  Every 
communication  made  to  him  will  be  received  with  thanks. 
The  owners  of  MSS.  of  Kepler  especially  might  greatly  assist 
the  undertaking  by  the  loan  of  them,  or  the  transmission  of 
accurate  copies.  Even  of  the  printed  works  of  Kepler,  Prof. 
Frisch  has  not  been  able  to  see  the  following: — 

1.  Almanack  of  the  Year  1594*. 

2.  De  Fundamentis  Astrologies,  Prague  1602. 

3.  Epistola  ad  rerum  ccelestiim  amatores  de  Sal  is  deliquio, 
Prague  1605. 

4.  Dissertatio  cum  nuncio  sidereo,  fyc,  Florence  1610,  4to. 
[The  edition  of  Prague  1610,  4to,  and  Frankfort  1611,  8vo, 
are  at  hand.] 

5.  Responsio  ad  Epislolam  Bontschii,  Sagan  1609. 

In  conclusion,  Prof.  Frisch  requests  the  loan,  or  offers  the 
purchase  of  any  of  these  works  of  Kepler. 

A  considerable  time  having  elapsed  since  the  programme 
of  the  Stutgardt  Professor  was  published,  the  aim  of  which 
undoubtedly  was  to  excite  attention  in,  and  to  obtain  aid  also 
from,  this  country,  which  has  associated  itself  in  every  useful 
undertaking  all  over  the  world,  I  have  now  been  induced  to 
take  up  this  subject,  as  my  studies  at  Prague  had  led  me  often 
in  the  very  track  of  the  life  of  Kepler,  who  remained  eleven 
years  in  that  city.  But  the  attention  of  an  English  public 
cannot  and  ought  not  to  be  called  for  without  searching  for 
some  connecting  link  between  the  activity  of  Kepler  and 
those  of  English  savants.  A  brief  search,  indeed,  showed  me 
that  such  existed,  and  I  have  been  able  to  complete  and  cor- 
rect the  programme  of  Prof.  Frisch.  If  we  refer  to  the  names 
of  the  various  possessors  of  Kepler's  MSS.,  we  find  that  it  was 
Hevel  who  obtained  them  from  Kepler's  son,  and  we  find  the 
number  of  volumes  or  fasciculi  to  have  been  twenty-two.  It 
was  not  to  be  supposed  that  the  Stutgardt  Professor  should 
have  known  the  long  array  of  volumes  composing  the  Philo- 
sophical Transactions  of  the  Royal  Society,  else  he  would  have 
found  a  letter  of  that  very  Hevel  addressed  to  the  Society  (or 
their  publisher)  on  these  very  MSS.,  in  which  they  are  called 
the  famous  Kepler  MSS.  (vide  Phil.  Trans,  vol.  ix.  No.  102, 
p.  27,  anno  1674).  The  title  of  this  remarkable  communi- 
cation is  as  follows:  —  "An  Extract  of  M.  Hevelius's  Letter, 
lately  written  to  the  publisher,  concerning  the  famous  Kep- 
ler's MSS.,  together  with  some  Observations  of  his  about  the 

*  This  is  the  first  thing  Kepler  printed  at  Gratz.  It  is  very  probable 
that  a  copy  of  this  work  may  exist  safe  in  some  neglected  collection  of 
rubbish. 
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Use  of  Telescopic  Sights  in  Astronomical  Observations."  In 
looking  over  this  letter,  we  find  that  the  number  of  fasciculi 
in  Hevel's  possession  was  not  twenty-two,  as  stated  (or  at 
least  implied)  by  Prof.  Frisch,  but  twenty-nine  fasciculi.  One 
thing,  moreover,  is  certain,  that  Hevel  must  have  possessed 
all  the  MSS. ;  deriving  them  from  a  source  where  certainly 
they  had  received  the  highest  possible  attention.  In  perusing, 
therefore,  the  catalogue  of  these  MSS.,  as  given  by  Hevel  in 
his  letter  to  the  Royal  Society,  we  shall  find  that  Prof. 
Frisch's  hopes  or  expectations  as  to  what  the  St.  Petersburg 
documents  may  contain,  can  be  at  once  answered,  because 
Hevel  could  never  have  had  less  than  what  is  at  St.  Peters- 
burg now;  though  he  might  have  had  more,  which,  however, 
would  make  the  case  worse.  A  very  short  time,  in  fine,  will 
now  set  the  matter  at  rest.  In  regard  to  Kepler's  life,  Hevel 
says  as  follows: — "At  Kepleri  vitam  studio  conscriptam  non 
invenio;  interim  plurima  notatu  dignissima,  vitam  ejus  spec- 
tan  tia  passim  notavi,  ex  quibus  vita  ejus  possit  haud  obscure 
depingi.  Quae  vero  in  specie  ex  scriptis  ejus  penes  me  habeo, 
catalogus  hicce  indicabit"  (Ibid.).  Whatever  fates  these  MSS. 
might  have  subsequently  undergone,  Hevel's  Catalogue  must 
ever  be  considered  the  most  complete.  The  extract  from 
Hevel's  letters  to  the  Royal  Society  (as  printed  in  the  Phil. 
Trans.)  does  not  imply  any  especial  offer  or  request.  But 
there  exists  among  the  MSS.  of  the  British  Museum,  another 
document  relating  to  these  MSS.,  and  this  is  an  autograph 
letter  of  Hansch  to  the  Royal  Society ;  it  is  dated  Vienna, 
November  20,  1734- .  There  Hansch  speaks  of  twenty-two 
fasciculi,  and  as  this  was  written  after  his  Epistola?  ad  Keple- 
rum  were  published,  it  may  be  presumed  that  seven  might 
have  merged  (whether  entirely  or  partially  is  not  known)  in 
this  undertaking.  Hansen's  letter  contains  also  a  list  of  the 
Kepler  fasciculi,  but  they  seem  to  have  been  re-arranged,  as 
the  contents  of  most,  as  given  by  Hevel  and  Hansch,  do  not 
correspond.  It  is,  moreover,  curious  that  Prof.  Frisch  says 
that  the  Epistola  ad  Keplerum  were  all  that  Hansch  published, 
while  the  letter  in  the  British  Museum  says,  "  Praeter  Epi- 
stolas,  quae  in  folio  charta  augusta  prodierunt,  et  Librum  sin- 
gularem  de  Calendario  Gregorio  quern  Ratisbone  1726 — in 
folio  pariter  typis  imprimendum  curavi — reliqua  MSS.  Re- 
giam  desiderant  munificentiam."  Hansch's  letter  is  entirely 
lachrymose  and  supplicatory ;  and  it  is  a  pity  to  perceive 
that  these  MSS.  had  something  ominous  in  them,  as  not  only 
their  author,  but  even  several  of  their  subsequent  owners  fell 
into  deep  distress. 
Having  been  so  far  successful  in  my  research,  I  resolved  to 
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see  whether  some  of  the  works  of  Kepler,  which  Prof.  Friscti  " 
could  not  discover  in  Germany,  might  not  be  found  in  our 
libraries,  which  certainly  are  surpassed  by  the  richness  of 
especial  departments  of  those  of  the  respective  countries;  and 
none  would  expect,  for  instance,  to  find  more  Austrian  Incu- 
nabula in  English  libraries  than  there  are  in  Vienna,  &c.  But 
taking  the  biographical  opulence  at  a  fair  average,  the  balance 
will  not  be  unfavourable  for  this  small  and  insulated  empire. 
The  very  first  glance  I  cast  in  the  Catalogue  of  the  British 
Museum  (even  in  its  present  transitory  state)  was  encou- 
raging, as  I  found  No.  5  of  Prof.  Frisch's  Desiderata.  The 
full  title  of  this  little  rarity  is  as  follows  : — "  Joannis  Kepleri 
Mathematici  ad  Epistolam  Clarissimi  Viri  D.  Jacobi  Bartschii 
Laabani  Medicina?  Caiididati  Prcefixam  Ephemeridi  in  anno 
1629  Responsio :  de  Computatiohe  et  Editione  Ephemeridum, 
Typis  Saginensibus  1629."  It  is  a  small  4to  pamphlet  of 
only  eleven  pages,  printed  on  paper  and  with  a  type  of  the 
then  current  publications  of  the  day.  The  conclusion  is  so 
characteristic  of  the  man,  that  we  shall  translate  it: — "But 
while  the  storm  is  raging,  and  the  shipwreck  threatens  public 
affairs,  nothing  remains  to  us  but  to  let  the  anchor  of  our  in- 
nocuous studies  go  down  to  the  profound  of  eternity  !  Given 
at  Sagan  in  Silesia,  with  our  own  types,  anno  1628."  It 
is  known  that  Kepler  had  been  in  some  relation  with  the 
great  Wallenstein,  and  the  place  of  printing  is  one  of  the  pos- 
sessions of  the  great  warrior,  he  having  been  Duke  of  Sagan. 
The  name  of  the  duke  is  also  mentioned  in  the  contents  of 
the  work. 

London,  April  15,  1846. 


LXIV.  On  the  Aberration  of  Lights  in  Reply  to  Mr.  Stokes. 
By  the  Rev.  J.  Challis,  M.A.,  Plumian  Professor  of  As- 
tronomy in  the  University  of  Cambridge. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 
T  HAD  reason  to  expect,  when  I  made  my  last  communica- 
-*-  tion  on  the  Aberration  of  Light,  that  I  should  not  have 
occasion  to  trouble  you  again  on  this  subject.  Mr.  Stokes's 
remarks  in  the  April  Number  compel  me  to  say  a  few  words 
more. 

I  can  assure  Mr.  Stokes  that  I  take  the  aberration  of  light 
in  its  usual  acceptation,  and  I  have  no  doubt  that  he  does 
also.  The  difference  between  us  is  not  in  the  thing  explained, 
but  in  the  principles  of  our  explanations.  My  explanation, 
which  is  very  simple  and  brief,  being  entirely  contained  in 
Phil  Mag".  S.  3.  Vol.  28.  No.  188.  May  1846.  2  E 
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page  91  of  the  February  Number  of  the  Philosophical  Maga- 
zine, does  not  even  suppose  the  existence  of  an  aether.  On 
the  contrary,  Mr.  Stokes's  rests  both  on  the  hypothesis  of  an 
aether  and  on  a  gratuitous  and  very  particular  supposition 
respecting  its  motion.  By  Mr.  Stokes's  admission,  I  have 
shown  on  my  principles,  that  if  to  the  earth's  way,  as  mea- 
sured by  an  astronomical  instrument,  be  added  in  the  same 
plane  an  angle  equal  to  the  product  of  the  ratio  of  the  earth's 
velocity  to  the  velocity  of  light  and  the  sine  of  the  earth's  way, 
we  obtain  the  direction  in  which  light  from  a  star  progresses 
just  before  it  enters  the  eye.  By  measures  taken  with  astro- 
nomical instruments,  it  is  found  that  if  to  the  same  angle  in 
the  same  plane  be  added  the  product  of  20"*42  and  the  sine  of 
the  earth's  way,  the  mean  place  of  the  star  is  obtained.  [The 
numerical  quantity  is  that  adopted  in  the  British  Association 
Catalogue  of  Stars.]  Nowit  happens  that  the  ratio  of  the  earth's 
velocity  to  the  velocity  of  light  is  known  independently  of  the 
above-mentioned  measures,  by  observations  of  the  eclipses  of 
Jupiter's  satellites.  Delambre  states  {Abrege  d' Astronomie, 
p.  493),  that  by  very  exact  and  extensive  researches  on  the 
satellites  of  Jupiter,  he  found  for  this  ratio  20"'25.  The  close 
approximation  of  these  numerical  values  justifies  me  in  con- 
cluding that  the  light  from  the  star  enters  the  eye,  quam 
proxime,  in  the  direction  of  a  line  drawn  to  the  eye  from  the 
star's  mean  place ;  or,  in  Mr.  Stokes's  notation,  that  s2  coin- 
cides very  nearly  with  s.  Mr.  Stokes  appears  to  be  dissatis- 
fied because  this  inference  is  not  deduced  by  theory  alone. 
I  conceive  that  it  is  not  the  less  certain  because  it  is  deduced 
from  facts;  and  as  Mr.  Stokes  does  not  contend  that  it  is  not 
true,  I  need  say  no  more  on  this  point. 

The  "confession"  which  Mr.  Stokes  says  that  I  made,  I 
am  ready  to  make  again.  I  allow  that,  anterior  to  the  above 
comparison  with  the  result  of  astronomical  measures,  it  could 
not  be  anticipated  that  aberration  would  be  wholly  accounted 
for  by  the  motion  of  the  earth  and  the  finite  velocity  of  light, 
without  reference  to  any  theory  of  light.  The  comparison 
shows  that  it  is  so  accounted  for,  and  the  inevitable  conse- 
quence is,  that  any  explanation  which  rests  on  a  hypothetical 
motion  of  the  aether,  must  hejictitious. 

I  really  think  that  I  have  now  said  quite  enough  in  defence 
of  a  very  unexceptionable  piece  of  reasoning,  and  if  Mr. 
Stokes  should  have  anything  further  to  urge,  I  must  decline 
answering  it. 

I  am,  Gentlemen, 

Cambridge  Observatory,  Your  obedient  Servant, 

April  11,  1846.  J.  CHAILis 
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LXV.  On  the  Finite  Solution  of  Equations. 

By  James  Cockle,  M.A.,  Cantab. :  Special  Pleader*. 

[The  subject  concluded  from  p.  191.] 

15.   1"   ET  A',  a",  .  ,  ju,  be  n  unequal  integers,  then  it  might 

be  shown  f  that  x9*  equals 

Po  +Vx'x>/  +  Px"x>~'+  &c.;    ....     (ae.) 

and,  hence,  that  J  A'"  xx>"  +  Aiv  xx"  may  be  reduced  to  the 
same  form  (ae.).  Consequently  its  second  and  third  terms 
will  amalgamate,  respectively,  with  the  first  and  second  terms 
of  the  right-hand  side  of  (a.)  (thus  becoming  unavailable),  and 
its  only  effective  part  is 

Po  +  Pxv  »**  +  &c (a£) 

If,  therefore,  the  number  of  terms  in  (af.)  be  <  2,  we  shall 
have  (sup.  p.  132), 

u"  =  a"2pk„,     b'  =  a\1^  +  al"p^.      .     .     .     (ag.) 

16.  In  general,  then,  the  transformation  (b.)  of  that  page 
can  be  effected  for  equations  of  the  fourth  degree  without 
the  necessity  of  fulfilling  (ag.)  ;  but  in  critical^  cases  we  are 
limited  to  the  fifth  and  higher  degrees,  since  p0  disappears. 
On  this  account  biquadratics  cannot  be  reduced  to  a  binomial 
form,  as  we  might  otherwise  have  inferred  ||,  for  in  such  case 
we  have,  ultimately,  to  satisfy  two  homogeneous  equations 
between  two  quantities  of  the  form  A  +  px. 

17.  So,  beyond  all  doubt,  the  transformation  (o.)  of  p.  190 
can,  in  general,  be  effected  for  equations  of  the  sixth  degree, 
without  satisfying  (ag.)  by  means  of  one  cubic,  two  quadratics, 
and  five  base  equations.  But  in  critical  cases  we  meet  with 
the  same  obstacle  as  that  mentioned  in  the  last  paragraph,  and 
are  limited  to  the  seventh  and  higher  degrees ;  so  that  the 
solutions  of  equations  of  the  fifth  and  sixth  degrees  present 
distinct  difficulties  T[.  If  they  are  absolutely  insoluble,  may 
we  not  hope,  from  a  consideration  of  the  modes  in  which  they 
evade  different  proposed  methods  of  solution,  to  arrive  at  a 
more  elementary  demonstration  of  the  fact  than  has  yet  ap- 
peared ? 

On  the  Reduction  of  certain  Functions. 

In  those  cases,  in  which  the  length  of  the  calculations  is 

*  Communicated  by  T.  S.  Davies,  Esq.,  F.R.S.  and  F.S.A. 
t  Sup.  p.  191,  Note  *.  +  Sup.  p.  132.  §  Sup.  p.  191,  par.  12. 

||  Sup.  p.  133,  par.  5. 

IF  See  Sir  W.  R.  Hamilton's  "Inquiry"  (cited  sup.  p.  191.  Note  *),  p. 
298,  line  25,  and  p.  317  [9.]. 

2E2 
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not  such  as  to  render  the  following  reductions  of  merely  theo- 
retical interest,  we  may  develope  the  formulas  for  t,  y*,  and 
such  other  symbols  as  may  be  requisite,  so  as  to  render  the 
operations  uniform  and  comparatively  easy.  The  reductions 
I  allude  to,  all  of  which  are  in  theory  possible f»  are  those  of 
/3(3.2m-2)  toh^  +  h^  +  .  +  hl 

/4(Mw)toV  +  V  +  -  +  'C> 

/>m)toV+y+.+^, 

where  hr  is,  in  general,  a  linear  though  not  homogeneous 
function  of  m  —  r  +  1  undetermined  quantities, 

ux+l=  3.22%+1-2;     ^+1  =  3.22"*-1;     u0  =  v0=l; 

andya  (b)  denotes  the  general  function  of  the  ath  degree  and 
bih  order  J,  according  to  the  notation  which  I  used  at  p.  126 
of  the  last  volume. 

Devereux  Court,  March  31,  1846. 

LXVI.  Experimental  Researches  in  Electricity. —  Twentieth 
Series.  By  Michael  Faraday,  Esq.,  D.C.L.,  F.R.S., 
Fullerian  Prof.  Chem.  Royal  Institution,  Foreign  Associate 
of  the  Acad.  Sciences,  Paris,  Cor.  Memb.  Royal  and  Imp. 
Acadd.  of  Sciences,  Petershirgh,  Florence,  Copenhagen, 
Berlin,  Gottingen,  Modena,  Stockholm,  fyc.  #c.§ 

§  27.  On  new  magnetic  actions,  and  on  the  magnetic  condi~ 
tion  of  all  matter  || . 

\\.  Apparatus  required.  ^[  ii.  Action  of  magnets  on  heavy  glass. 
^[  iii.  Action  of  magnets  on  other  substances  acting  magnetically 
on  light.     %  iv.  Action  of  magnets  on  the  metals  generally. 

2243.   HPHE  contents  of  the  last  series  of  these  researches 

■*       were,  I  think,  sufficient  to  justify  the  statement, 

that  a  new  magnetic  condition  (i.  e.  one  new  to  our  know- 

*  Sup.  p.  190.  See  also  one  of  mv  previous  papers  in  the  Phil.  Mag. 
S.  3.  vol.  xxvii.  pp.  292,  293. 

f  See  Mathematician,  vol.  ii.  p.  97.  Ex.  xlix.  for  a  discussion  of  the 
first  reduction. 

\  The  order  being  the  number  of  undetermined  quantities,  the  degree 
the  dimensions  to  which  they  enter.  Might  not  the  term  'simple'  be  ad- 
vantageously applied  to  all  equations  of  the  first  order? 

§  From  the  Philosophical  Transactions  for  184G,  Part  I.,  having  been 
read  December  18,  1845. 

||  My  friend  Mr.  Wheatstone  has  this  day  called  my  attention  to  a  paper 
by  M.  Becquerel,  "  On  the  magnetic  actions  excited  in  all  bodies  by  the 
influence  of  very  energetic  magnets,"  read  to  the  Academy  of  Sciences  on 
the  27th  of  September  1827,  and  published  in  the  Annates  de  Chimie,xxxvi. 
p.  337.     It  relates  to  the  action  of  the  magnet  on  a  magnetic  needle,  on 
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ledge)  had  been  impressed  on  matter  by  subjecting  it  to  the 
action  of  magnetic  and  electric  forces  (2227.) ;  which  new 
condition  was  made  manifest  by  the  powers  of  action  which 
the  matter  had  acquired  over  light.  The  phaenomena  now  to 
be  described  are  altogether  different  in  their  nature :  and  they 
prove,  not  only  a  magnetic  condition  of  the  substances  referred 
to  unknown  to  us  before,  but  also  of  many  others,  including 
a  vast  number  of  opake  and  metallic  bodies,  and  perhaps  all 
except  the  magnetic  metals  and  their  compounds :  and  they 
also,  through  that  condition,  present  us  with  the  means  of 
undertaking  the  correlation  of  magnetic  phaenomena,  and 
perhaps  the  construction  of  a  theory  of  general  magnetic  ac- 
tion founded  on  simple  fundamental  principles. 

2244.  The  whole  matter  is  so  new,  and  the  phaenomena  so 
varied  and  general,  that  I  must,  with  every  desire  to  be  brief, 
describe  much  which  at  last  will  be  found  to  concentrate  under 
simple  principles  of  action.  Still,  in  the  present  state  of  our 
knowledge,  such  is  the  only  method  by  which  I  can  make 
these  principles  and  their  results  sufficiently  manifest. 

%  i.  Apparatus  required. 

2245.  The  effects  to  be  described  require  magnetic  apparatus 
of  great  power,  and  under  perfect  command.  Both  these 
points  are  obtained  by  the  use  of  electro-magnets,  which  can 
be  raised  to  a  degree  of  force  far  beyond  that  of  natural  or 

soft  iron,  on  the  deutoxide  and  tritoxide  of  iron,  on  the  tritoxide  alone, 
and  on  a  needle  of  wood.  The  author  observed,  and  quotes  Coulomb  as 
having  also  observed,  that  a  needle  of  wood,  under  certain  conditions, 
pointed  across  the  magnetic  curves;  and  he  also  states  the  striking  fact 
that  he  had  found  a  needle  of  wood  place  itself  parallel  to  the  wires  of  a 
galvanometer.  These  effects,  however,  he  refers  to  a  degree  of  magnetism 
less  than  that  of  the  tritoxide  of  iron,  but  the  same  in  character,  for  the 
bodies  take  the  same  position.  The  polarity  of  steel  and  iron  is  stated  to 
be  in  the  direction  of  the  length  of  the  substance,  but  that  of  tritoxide  of 
iron,  wood  and  gum-lac,  most  frequently  in  the  direction  of  the  width,  and 
always  when  one  magnetic  pole  is  employed.  "  This  difference  of  effect, 
which  establishes  a  line  of  demarcation  between  these  two  species  of  phe- 
nomena, is  due  to  this,  that  the  magnetism  being  very  feeble  in  the  tritox- 
ide of  iron,  wood,  &c,  we  may  neglect  the  reaction  of  the  body  on  itself, 
and  therefore  the  direct  action  of  the  bar  ought  to  overrule  it." 

As  the  paper  does  not  refer  the  phenomena  of  wood  and  gum-lac  to  an 
elementary  repulsive  action,  nor  show  that  they  are  common  to  an  immense 
class  of  bodies,  nor  distinguish.this  class,  which  I  have  called  diamagnetie, 
from  the  magnetic  class ;  and,  as  it  makes  all  magnetic  action  of  one  kind, 
whereas  I  show  that  there  are  two  kinds  of  such  action,  as  distinct  from 
each  other  as  positive  and  negative  electric  action  are  in  their  way,  so  I  do 
not  think  I  need  alter  a  word  or  the  date  of  that  which  I  have  written ;  but 
am  most  glad  here  to  acknowledge  M.  Becquerel's  important  facts  and  la- 
bours in  reference  to  this  subject. — M.  F.    Dec.  5,  1845. 
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steel  magnets;  and  further,  can  be  suddenly  altogether  de- 
prived ot"  power,  or  made  energetic  to  the  highest  degree, 
without  the  slightest  alteration  of  the  arrangement,  or  of  any 
other  circumstance  belonging  to  an  experiment. 

2246.  One  of  the  electro-magnets  which  I  use  is  that  al- 
ready described  under  the  term  Woolwich  helix  (2192.). 
The  soft  iron  core  belonging  to  it  is  twenty-eight  inches  in 
length  and  2*5  inches  in  diameter.  When  thrown  into  action 
by  ten  pair  of  Grove's  plates,  either  end  will  sustain  one  or  two 
half-hundred  weights  hanging  to  it.  The  magnet  can  be 
placed  either  in  the  vertical  or  the  horizontal  position.  The 
iron  core  is  a  cylinder  with  flat  ends,  but  I  have  had  a  cone 
of  iron  made,  two  inches  in  diameter  at  the  base  and  one  inch 
in  height,  and  this  placed  at  the  end  of  the  core,  forms  a 
conical  termination  to  it,  when  required. 

2247.  Another  magnet  which  I  have  had  made  has  the 
horse-shoe  form.  The  bar  of  iron  is  forty-six  inches  in  length 
and  3'75  inches  in  diameter,  and  is  so  bent  that  the  extremi- 
ties forming  the  poles  are  six  inches  from  each  other;  522 
feet  of  copper  wire  0  17  of  an  inch  in  diameter  and  covered 
with  tape,  are  wound  round  the  two  straight  parts  of  the  bar, 
forming  two  coils  on  these  parts,  each  sixteen  inches  in  length, 
and  composed  of  three  layers  of  wire :  the  poles  are,  of  course, 
six  inches  apart,  the  ends  are  planed  true,  and  against  these 
move  two  short  bars  of  soft  iron,  7  inches  long  and  2\  by  1 
inch  thick,  which  can  be  adjusted  by  screws,  and  held  at  any 
distance  less  than  six  inches  from  each  other.  The  ends  of 
these  bars  form  the  opposite  poles  of  contrary  name ;  the  mag- 
netic field  between  them  can  be  made  of  greater  or  smaller 
extent,  and  the  intensity  of  the  lines  of  magnetic  force  be  pro- 
portionately varied. 

.2248.  For  the  suspension  of  substances  between  and  near 
the  poles  of  these  magnets,  I  occasionally  used  a  glass  jar, 
with  a  plate  and  sliding  wire  at  the  top.  Six  or  eight  lengths 
of  cocoon  silk  being  equally  stretched,  were  made  into  one 
thread  and  attached,  at  the  upper  end,  to  the  sliding  rod,  and 
at  the  lower  end  to  a  stirrup  of  paper,  in  which  anything  to 
be  experimented  on  could  be  sustained. 

2249.  Another  very  useful  mode  of  suspension  was  to  at- 
tach one  end  of  a  fine  thread,  six  feet  long,  to  an  adjustible 
arm  near  the  ceiling  of  the  room,  and  terminating  at  the  lower 
end  by  a  little  ring  of  copper  wire ;  any  substance  to  be  sus- 
pended could  be  held  in  a  simple  cradle  of  fine  copper  wire 
having  eight  or  ten  inches  of  the  wire  prolonged  upward ; 
this,  being  bent  into  a  hook  at  the  superior  extremity,  gave 
the  means  of  attachment  to  the  ring.     The  height  of  the  sus- 
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pended  substance  could  be  varied  ac  pleasure,  by  bending  any 
part  of  the  wire  at  the  instant  into  the  hook  form.  A  glass 
cylinder  placed  between  the  magnetic  poles  was  quite  sufficient 
to  keep  the  suspended  substance  free  from  any  motion,  due  to 
the  agitation  of  the  air. 

2250.  It  is  necessary,  before  entering  upon  an  experimental 
investigation  with  such  an  apparatus,  to  be  aware  of  the  effect 
of  any  magnetism  which  the  bodies  used  may  possess;  the 
power  of  the  apparatus  to  make  manifest  such  magnetism  is 
so  great,  that  it  is  difficult  on  that  account  to  find  writing- 
paper  fit  for  the  stirrup  above-mentioned.  Before  therefore 
any  experiments  are  instituted,  it  must  be  ascertained  that  the 
suspending  apparatus  employed  does  not  point,  i.  e.  does  not 
take  up  a  position  parallel  to  the  line  joining  the  magnetic 
poles,  by  virtue  of  the  magnetic  force.  When  copper  sus- 
pensions are  employed,  a  peculiar  effect  is  produced  (2309.), 
but  when  understood,  as  it  will  be  hereafter,  it  does  not  in- 
terfere with  the  results  of  experiment.  The  wire  should  be 
fine,  not  magnetic  as  iron,  and  the  form  of  the  suspending 
cradle  should  not  be  elongated  horizontally,  but  be  round  or 
square  as  to  its  general  dimensions,  in  that  direction. 

2251.  The  substances  to  be  experimented  with  should  be 
carefully  examined,  and  rejected  if  not  found  free  from  mag- 
netism. Their  state  is  easily  ascertained;  for,  if  magnetic, 
they  will  either  be  attracted  to  the  one  or  the  other  pole  of 
the  great  magnet,  or  else  point  between  them.  No  examina- 
tion by  smaller  magnets,  or  by  a  magnetic  needle,  is  sufficient 
for  this  purpose. 

•    2252.    I  shall  have  such  fre- 
quent  occasion  to  refer  to  two  e 
chief  directions  of  position  across 
the  magnetic  field,  that  to  avoid        /////// /2 


periphrasis,  I  will  here  ask  leave       '////, 

to  use  a  term  or  two  conditionally. 

One  of  these  directions  is  that  »* 

from  pole  to  pole,  or  along  the 

line  of  magnetic  force ;  I  will  call  it  the  axial  direction :  the 

other  is  the  direction  perpendicular  to  this,  and  across  the 

line  of  magnetic  force;  and  for  the  time,  and  as  respects  the 

space  between  the  poles,  I  will  call  it  the  equatorial  direction. 

Other  terms  that  I  may  use,  I  hope  will  explain  themselves. 

%  ii.  Action  of  magnets  on  heavy  glass. 
2253.  The  bar  of  silicated  borate  of  lead,  or  heavy  glass 
already  described  as  the  substance  in  which  magnetic  forces 
were  first  made  effectually  to  bear  on  a  ray  of  light  (2152:), 
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and  which  is  two  inches  long,  and  about  0*5  of  an  inch  wide 
and  thick,  was  suspended  centrally  between  themagnetic  poles 
(2247.)»  and  left  until  the  effect  of  torsion  was  over.  The 
magnet  was  then  thrown  into  action  by  making  contact  at  the 
voltaic  battery :  immediately  the  bar  moved,  turning  round  its 
point  of  suspension,  into  a  position  across  the  magnetic  curve 
or  line  of  force,  and  after  a  few  vibrations  took  up  its  place  of 
rest  there.  On  being  displaced  by  hand  from  this  position,  it 
returned  to  it,  and  this  occurred  many  times  in  succession. 

2254".  Either  end  of  the  bar  indifferently  went  to  either  side 
of  the  axial  line.  The  determining  circumstance  was  simply 
inclination  of  the  bar  one  way  or  the  other  to  the  axial  line, 
at  the  beginning  of  the  experiment.  If  a  particular  or  marked 
end  of  the  b#r  were  on  one  side  of  the  magnetic,  or  axial  line, 
when  the  magnet  was  rendered  active,  that  end  went  further 
outwards,  until  the  bar  had  taken  up  the  equatorial  posi- 
tion. 

2255.  Neither  did  any  change  in  the  magnetism  of  the 
poles,  by  change  in  the  direction  of  the  electric  current,  cause 
any  difference  in  this  respect.  The  bar  went  by  the  shortest 
course  to  the  equatorial  position. 

2256.  The  power  which  urged  the  bar  into  this  position 
was  so  thoroughly  under  command,  that  if  the  bar  were 
swinging  it  could  easily  be  hastened  in  its  course  into  this 
position,  or  arrested  as  it  was  passing  from  it  by  seasonable 
contacts  at  the  voltaic  battery. 

2257.  There  are  two  positions  of  equilibrium  for  the  bar; 
one  stable,  the  other  unstable.  When  in  the  direction  of  the 
axis  or  magnetic  line  of  force,  the  completion  of  the  electric 
communication  causes  no  change  of  place ;  but  if  it  be  the  least 
oblique  to  this  position,  then  the  obliquity  increases  until  the 
bar  arrives  at  the  equatorial  position ;  or  if  the  bar  be  origi- 
nally in  the  equatorial  position,  then  the  magnetism  causes  no 
further  changes,  but  retains  it  there  (2298.  2299.  2384.). 

2258.  Here  then  we  have  a  magnetic  bar  which  points 
east  and  west,  in  relation  to  north  and  south  poles,  i.  e.  points 
perpendicularly  to  the  lines  of  magnetic  force. 

2259.  If  the  bar  be  adjusted  so  that  its  point  of  suspension, 
being  in  the  axial  line,  is  not  equidistant  from  the  poles,  but 
near  to  one  of  then),  then  the  magnetism  again  makes  the  bar 
take  up  a  position  perpendicular  to  the  magnetic  lines  of  force ; 
either  end  of  the  bar  being  on  the  one  side  of  the  axial  line, 
or  the  other,  at  pleasure.  But  at  the  same  time  there  is 
another  effect,  for  at  the  moment  of  completing  the  electric 
contact,  the  centre  of  gravity  of  the  bar  recedes  from  the  pole 
and  remains  repelled  from  it  as  long  as  the  magnet  is  retained 
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excited.     On  allowing  the  magnetism  to  pass  away,  the  bar 
returns  to  the  place  due  to  it  by  its  gravity. 

2260.  Precisely  the  same  effect  takes  place  at  the  other  pole 
of  the  magnet.  Either  of  them  is  able  to  repel  the  bar,  what- 
ever its  position  may  be,  and  at  the  same  time  the  bar  is  made 
to  assume  a  position,  at  right  angles,  to  the  line  of  magnetic 
force. 

2261.  If  the  bar  be  equidistant  from  the  two  poles,  and  in 
the  axial  line,  then  no  repulsive  effect  is  or  can  be  observed. 

2  62.  But  preserving  the  point  of  suspension  in  the  equa- 
torial line,  i.  e.  equidistant  from  the  two  poles,  and  removing 
it  a  little  on  one  side  or  the  other  of  the  axial  line  (2252.),  then 
another  effect  is  brought  forth.  The  bar  points  as  before 
across  the  magnetic  line  of  force,  but  at  the  same  time  it  re- 
cedes from  the  axial  line,  increasing  its  distance  from  it,  and 
this  new  position  is  retained  as  long  as  the  magnetism  conti- 
nues, and  is  quitted  with  its  cessation. 

2263.  Instead  of  two  magnetic  poles,  a  single  pole  may  be 
used,  and  that  either  in  a  vertical  or  a  horizontal  position. 
The  effects  are  in  perfect  accordance  with  those  described 
above ;  for  the  bar,  when  near  the  pole,  is  repelled  from  it  in 
the  direction  of  the  line  of  magnetic  force,  and  at  the  same 
time  it  moves  into  a  position  perpendicular  to  the  direction  of 
the  magnetic  lines  passing  through  it.  When  the  magnet  is 
vertical  (2246.)  and  the  bar  by  its  side,  this  action  makes  the 
bar  a  tangent  to  the  curve  of  its  surface. 

2264.  To  produce  these  effects,  of  pointing  across  the  mag- 
netic curves,  the  form  of  the  heavy  glass  must  be  long ;  a  cube 
or  a  fragment  approaching  roundness  in  form,  will  not  point, 
but  a  long  piece  will.  Two  Or  three  rounded  pieces  or  cubes, 
placed  side  by  side  in  a  paper  tray,  so  as  to  form  an  oblong 
accumulation,  will  also  point. 

2265.  Portions,  however,  of  any  form,  are  repelled;  so  if 
two  pieces  be  hung  up  at  once  in  the  axial  line,  one  near  each 
pole,  they  are  repelled  by  their  respective  poles,  and  approach, 
seeming  to  attract  each  other.  Or  if  two  pieces  be  hung  up 
in  the  equatorial  line,  one  on  each  side  of  the  axis,  then  they 
both  recede  from  the  axis,  seeming  to  repel  each  other. 

2266.  From  the  little  that  has  been  said,  it  is  evident  that 
the  bar  presents  in  its  motion  a  complicated  result  of  the  force 
exerted  by  the  magnetic  power  over  the  heavy  glass,  and  that 
when  cubes  or  spheres  are  employed,  a  much  simpler  indica- 
tion of  the  effect  may  be  obtained.  Accordingly,  when  a  cube 
was  thus  used  with  the  two  poles,  the  effect  was  repulsion  or 
recession  from  either  pole,  and  also  recession  from  the  mag- 
netic axis  on  either  side. 
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2267.  So  the  indicating  particle  would  move,  either  along 
the  magnetic  curves,  or  across  them ;  and  it  would  do  this 
either  in  one  direction  or  the  other;  the  only  constant  point 
being,  that  its  tendency  was  to  move  from  stronger  to  weaker 
places  of  magnetic  force. 

2268.  This  appeared  much  more  simply  in  the  case  of  a 
single  magnetic  pole,  for  then  the  tendency  of  the  indicating 
cube  or  sphere  was  to  move  outwards,  in  the  direction  of  the 
magnetic  lines  of  force.  The  appearance  was  remarkably 
like  a  case  of  weak  electric  repulsion. 

2269.  The  cause  of  the  pointing  of  the  bar,  or  any  oblong- 
arrangement  of  the  heavy  glass,  is  now  evident.  It  is  merely 
a  result  of  the  tendency  of  the  particles  to  move  outwards,  or 
into  the  positions  of  weakest  magnetic  action.  The  joint  ex- 
ertion of  the  action  of  all  the  particles  brings  the  mass  into 
the  position,  which,  by  experiment,  is  found  to  belong  to  it. 

2270.  When  one  or  two  magnetic  poles  are  active  at  once, 
the  courses  described  by  particles  of  heavy  glass  free  to  move, 
form  a  set  of  lines  or  curves,  which  I  may  have  occasion  here- 
after to  refer  to ;  and  as  I  have  called  air,  glass,  water,  &c. 
diamagnetics  (2149.),  so  I  will  distinguish  these  lines  by  the 
term  diamagnetic  curves,  both  in  relation  to,  and  contradi- 
stinction from,  the  lines  called  magnetic  curves. 

2271.  When  the  bar  of  heavy  glass  is  immersed  in  water, 
alcohol,  or  aether,  contained  in  a  vessel  between  the  poles,  all 
the  preceding  effects  occur;  the  bar  points  and  the  cube  re- 
cedes exactly  in  the  same  manner  as  in  air. 

2272.  The  effects  equally  occur  in  vessels  of  wood,  stone, 
earth,  copper,  lead,  silver,  or  any  of  those  substances  which 
belong  to  the  diamagnetic  class  (2149.). 

i  2273.  I  have  obtained  the  same  equatorial  direction  and 
motions  of  the  heavy  glass  bar  as  those  just  described,  but  in 
a  very  feeble  degree,  by  the  use  of  a  good  common  steel  horse- 
shoe magnet  (2157.).  I  have  not  obtained  them  by  the  use 
of  the  helices  (2191.  2192.)  without  the  iron  cores. 

2274.  Here  therefore  we  have  magnetic  repulsion  without 
polarity,  i.  e.  without  reference  to  a  particular  pole  of  the 
magnet,  for  either  pole  will  repel  the  substance,  and  both 
poles  will  repel  it  at  once  (2262.).  The  heavy  glass,  though 
subject  to  magnetic  action,  cannot  be  considered  as  magnetic, 
in  the  usual  acceptation  of  that  term,  or  as  iron,  nickel,  cobalt, 
and  their  compounds.  It  presents  to  us,  under  these  circum- 
stances, a  magnetic  property  new  to  our  knowledge;  and 
though  the  phaenomena  are  very  different  in  their  nature  and 
character  to  those  presented  by  the  action  of  the  heavy  glass 
on  light  (2152.),  still  they  appear  to  be  dependent  on,  or  con- 
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nected  will),  the  same  condition  of  the  glass  as  made  it  then 
effective,  and  therefore,  with  those  phenomena,  prove  the 
reality  of  this  new  condition. 

If  iii.  Action  of  magnets  on  other  substances  acting  magneti- 
cally on  light. 

2275.  We  may  now  pass  from  heavy  glass  to  the  examina- 
tion of  the  other  substances,  which,  when  under  the  power  of 
magnetic  or  electric  forces,  are  able  to  affect  and  rotate  a  po- 
larized ray  (2173.),  and  may  also  easily  extend  the  investiga- 
tion to  bodies  which,  from  their  irregularity  of  form,  imperfect 
transparency,  or  actual  opacity,  could  not  be  examined  by  a 
polarized  ray,  for  here  we  have  no  difficulty  in  the  application 
of  the  test  to  all  such  substances. 

2276.  The  property  of  being  thus  repelled  and  affected  by 
magnetic  poles,  was  soon  found  not  to  be  peculiar  to  heavy 
glass.  Borate  of  lead,  flint-glass,  and  crown-glass  set  in  the 
same  manner  equatorially,  and  were  repelled  when  near  to 
the  poles,  though  not  to  the  same  degree  as  the  heavy  glass. 

2277.  Amongst  substances  which  could  not  be  subjected  to 
the  examination  by  light,  phosphorus  in  the  form  of  a  cylin- 
der presented  the  phsenomena  very  well;  I  think  as  powerfully 
as  heavy  glass,  if  not  more  so.  A  cylinder  of  sulphur,  and  a 
long  piece  of  thick  India  rubber,  neither  being  magnetic  after 
the  ordinary  fashion,  were  well-directed  and  repelled. 

2278.  Crystalline  bodies  were  equally  obedient,  whether 
taken  from  the  single  or  double  refracting  class  (2237.). 
Prisms  of  quartz,  calcareous  spar,  nitre  and  sulphate  of  soda, 
all  pointed  well,  and  were  repelled.  I 

2279.  I  then  proceeded  to  subject  a  great  number  of  bodies, 
taken  from  every  class,  to  the  magnetic  forces,  and  will,  to 
illustrate  the  variety  in  the  nature  of  the  substances,  give  a 
comparatively  short  list  of  crystalline,  amorphous,  liquid  and 
organic  bodies  below.  When  the  bodies  were  fluids,  I  in- 
closed them  in  thin  glass  tubes.  Flint-glass  points  equatori- 
ally, but  if  the  tube  be  of  very  thin  glass,  this  effect  is  found 
to  be  small  when  the  tube  is  experimented  with  alone;  after- 
wards, when  it  is  filled  with  liquid  and  examined,  the  effect 
is  such  that  there  is  no  fear  of  mistaking  that  due  to  the  glass 
for  that  of  the  fluid.   The 

tubes  must  not  be  closed 
with  cork,  sealing-wax,  or 
any  ordinary  substance 
taken  at  random,  for  these 
are  generally  magnetic 
(2285.).     I  have  usually 
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so  shaped  them  in  the  making,  and  drawn  them  off  at  the  neck, 
as  to  leave  the  aperture  on  one  side,  so  that  when  filled  with 
liquid  they  required  no  closing. 
2280.  Rock  crystal. 


Sulphate  of  lime. 
Sulphate  of  baryta. 
Sulphate  of  soda. 
Sulphate  of  potassa. 
Sulphate  of  magnesia. 
Alum. 

Muriate  of  ammonia. 
Chloride  of  lead. 
Chloride  of  sodium. 
Nitrate  of  potassa. 
Nitrate  of  lead. 
Carbonate  of  soda. 
Iceland  spar. 
Acetate  of  lead. 
Tartrate  of  potash  and 

antimony. 
Tartrate  of  potash  and 

soda. 
Tartaric  acid. 
Citric  acid. 
Water. 
Alcohol. 
iEther. 
Nitric  acid. 
Sulphuric  acid. 
Muriatic  acid. 
Solutions    of    various 

alkaline  and  earthy 

salts. 


Glass. 

Litharge. 

White  arsenic. 

Iodine. 

Phosphorus. 

Sulphur. 

Resin. 

Spermaceti. 

Caffeine. 

Cinchonia. 

Margaric  acid. 

Wax  from  shell-] 

Sealing-wax. 

Olive-oil. 

Oil  of  turpentine. 

Jet. 

Caoutchouc. 

Sugar. 

Starch. 

Gum-arabic. 

Wood. 

Ivory. 

Mutton,  dried. 

Beef,  fresh. 

Beef,  dried. 

Blood,  fresh. 

Blood,  dried. 

Leather. 

Apple. 

Bread. 


ac. 


2281.  It  is  curious  to  see  such  a  list  as  this  of  bodies  pre- 
senting on  a  sudden  this  remarkable  property,  and  it  is  strange 
to  find  a  piece  of  wood,  or  beef,  or  apple,  obedient  to  or  re- 
pelled by  a  magnet.  If  a  man  could  be  suspended,  with  suf- 
ficient delicacy,  after  the  manner  of  Dufay,  and  placed  in  the 
magnetic  field,  he  would  point  equatorially;  for  all  the  sub- 
stances of  which  he  is  formed,  including  the  blood,  possess 
this  property. 

2282.  The  setting  equatorially  depends  upon  the  form  of 
the  body,  and  the  diversity  of  form  presented  by  the  different 
substances  in  the  list  was  very  great;  still  the  general  result, 
that  elongation  in  one  direction  was  sufficient  to  make  them 
take  up  an  equatorial  position,  was  established.     It  was  not 
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difficult  to  perceive  that  comparatively  large  masses  would 
point  as  readily  as  small  ones,  because  in  larger  masses  more 
lines  of  magnetic  force  would  bear  in  their  action  on  the  body, 
and  this  was  proved  to  be  the  case.  Neither  was  it  long  be- 
fore it  evidently  appeared  that  the  form  of  a  plate  or  a  ring 
was  quite  as  good  as  that  of  a  cylinder  or  a  prism ;  and  in 
practice  it  was  found  that  plates  and  flat  rings  of  wood,  sper- 
maceti, sulphur,  &c,  if  suspended  in  the  right  direction,  took 
up  the  equatorial  position  very  well.  If  a  plate  or  ring  of 
heavy  glass  could  be  floated  in  water,  so  as  to  be  free  to  move 
in  every  direction,  and  were  in  that  condition  subject  to  mag- 
netic forces  diminishing  in  intensity,  it  would  immediately  set 
itself  equatorially,  and  if  its  centre  coincided  with  the^axis  of 
magnetic  power,  would  remain  there ;  but  if  its  centre  were 
out  of  this  line,  it  would  then,  perhaps,  gradually  pass  off' 
from  this  axis  in  the  plane  of  the  equator,  and  go  out  from 
between  the  poles. 

2283.  I  do  not  find  that  division  of  the  substance  has  any 
distinct  influence  on  the  effects.  A  piece  of  Iceland  spar  was 
observed,  as  to  the  degree  of  force  with  which  it  set  equa- 
torially ;  it  was  then  broken  into  six  or  eight  fragments,  put 
into  a  glass  tube  and  tried  again ;  as  well  as  I  could  ascertain, 
the  effect  was  the  same.  By  a  second  operation,  the  calca- 
reous spar  was  reduced  into  coarse  particles ;  afterwards  to  a 
coarse  powder,  and  ultimately  to  a  fine  powder:  being  exa- 
mined as  to  the  equatorial  set  each  time,  I  could  perceive  no 
difference  in  the  effect,  until  the  very  last,  when  I  thought 
there  might  be  a  slight  diminution  of  the  tendency,  but  if  so, 
it  was  almost  insensible.  I  made  the  same  experiment  on  si- 
lica with  the  same  result,  of  no  diminution  of  power.  In  re- 
ference to  this  point  I  may  observe,  that  starch  and  other  bo- 
dies in  fine  powder  exhibited  the  effect  very  well. 

2284-.  It  would  require  very  nice  experiments  and  great 
care  to  ascertain  the  specific  degree  of  this  power  of  magnetic 
action  possessed  by  different  bodies,  and  I  have  made  very 
little  progress  in  that  part  of  the  subject.  Heavy  glass  stands 
above  flint-glass,  and  the  latter  above  plate-glass.  Water  is 
beneath  all  these,  and  I  think  alcohol  is  below  water,  and 
aether  below  alcohol.  The  borate  of  lead  is  I  think  as  high 
as  heavy  glass,  if  not  above  it,  and  phosphorus  is  probably  at 
the  head  of  all  the  substances  just  named.  I  verified  the 
equatorial  set  of  phosphorus  between  the  poles  of  a  common 
magnet  (2273.). 

2285.  I  was  much  impressed  by  the  fact  that  blood  was 
not  magnetic  (2280.),  nor  any  of  the  specimens  tried  of  red 
muscular  fibre  of  beef  or  mutton.    This  was  the  more  striking, 
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because,  as  will  be  seen  hereafter,  iron  is  always  and  in  almost 
all  states  magnetic.  But  in  respect  to  this  point  it  may  be 
observed,  that  the  ordinary  magnetic  property  of  matter  and 
this  new  property  are  in  their  effects  opposed  to  each  other ; 
and  that  when  this  property  is  strong  it  may  overcome  a  very 
slight  degree  of  ordinary  magnetic  force,  just  as  also  a  certain 
amount  of  the  magnetic  property  may  oppose  and  effectually 
hide  the  presence  of  this  force  (2422.).  It  is  this  circumstance 
which  makes  it  so  necessary  to  be  careful  in  examining  the 
magnetic  condition  of  the  bodies  in  the  first  instance  (2250.). 
The  following  list  of  a  few  substances,  which  were  found 
slightly  magnetic,  will  illustrate  this  point: — Paper,  sealing- 
wax,  china  ink,  Berlin  porcelain,  silkworm-gut,  asbestos,  fluor- 
spar, red  lead,  vermilion,  peroxide  of  lead,  sulphate  of  zinc, 
tourmaline,  plumbago,  shell-lac,  charcoal.  In  some  of  these 
cases  the  magnetism  was  generally  diffused  through  the  body, 
in  other  cases  it  was  limited  to  a  particular  part. 

2286.  Having  arrived  at  this  point,  I  may  observe,  that  we 
can  now  have  no  difficulty  in  admitting  that  the  phenomena 
abundantly  establish  the  existence  of  a  magnetic  property  in 
matter  new  to  our  knowledge.  Not  the  least  interesting  of 
the  consequences  that  flow  from  it,  is  the  manner  in  which  it 
disposes  of  the  assertion  which  has  sometimes  been  made,  that 
all  bodies  are  magnetic.  Those  who  hold  this  view,  mean 
that  all  bodies  are  magnetic  as  iron  is,  and  say  that  they  point 
between  the  poles.  The  new  facts  give  not  a  mere  negative 
to  this  statement,  but  something  beyond,  namely,  an  affirma- 
tive as  to  the  existence  of  forces  in  all  ordinary  bodies,  directly 
the  opposite  of  those  existing  in  magnetic  bodies,  for  whereas 
those  practically  produce  attraction,  these  produce  repulsion ; 
those  set  a  body  in  the  axial  direction,  but  these  make  it  take 
up  an  equatorial  position :  and  the  facts  with  regard  to  bodies 
generally  are  exactly  the  reverse  of  those  which  the  view 
quoted  indicates. 

[To  be  continued.] 

LXVII.  Description  of  a  new  Mercurial  Trough. 
By  Professor  Lou  yet  of  Brussels*. 

TN  small  laboratories  in  which  one  of  the  chief  points  to 
■*•  be  aimed  at  is  ceconomy,  in  making  researches  on  gases 
soluble  in  water,  a  small  porcelain  trough  is  commonly  em- 
ployed capable  of  containing  twenty  to  twenty-five  pounds  of 
mercury.  The  size  of  the  bell-glass  is  proportioned  to  the  capa- 
city of  the  trough ;  thus  only  small  quantities  of  gas  can  be 
*  Communicated  through  Prof.  Grove,  by  the  Author. 
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collected, — quantities  often  insufficient  for  the  desired  experi- 
ments. With  a  view  to  obviate  this  inconvenience,  I  have 
modified  the  mercurial  trough,  so  as  to  be  able,  without  sacri- 
ficing ceconomy,  to  collect  considerable  quantities  of  gas;  and 
I  have  thought  it  may  be  of  use  to  give  a  description  of  this 
new  instrument,  for  the  service  of  persons  engaged  in  parti- 
cular researches.  This  apparatus  is  formed  of  a  small  oblong 
oak  box,  to  the  bottom  of  which  is  cemented  a  glass,  which 
fits  exactly  over  its  whole  extent.  The  external  surface  of 
this  glass  is  carefully  polished  and  prepared.  In  the  centre  of 
one  of  its  small  sides  (it  is  rectangular),  is  worked  a  narrow 
and  deep  groove  parallel  to  the  large  sides  of  the  right  angle. 
This  opening  corresponds  to  a  hollow  in  the  bottom  of  the 
box.  This  being  done,  I  arrange  the  apparatus  in  the  fol- 
lowing way,  when  I  desire  to  collect  a  gas  over  the  mercury : 
— I  procure  bell-glasses  made  of  emery-stoppered  bottles,  the 
bottom  of  which  is  removed  ;  the  edges  of  these  receivers  are 
prepared  and  rubbed  with  emery,  and  apply  accurately  to  the 
ground  glass,  precisely  like  the  receiver  of  an  air-pump.  The 
edges  may  be  very  slightly  greased,  or  this  precaution  may 
be  dispensed  with.  The  receiver  is  placed  on  the  ground 
glass,  where  it  is  kept  fixed  with  one  hand ;  with  the  other 
hand  the  stopper  is  removed,  and  it  is  entirely  filled  with  mer- 
cury ;  then  it  is  carefully  re-stopped.  This  being  done,  a 
small  quantity  of  mercury  is  poured  into  the  box,  so  as  to  fill 
the  small  cavity,  and  to  cover  its  bottom  with  a  stratum  of 
some  millimetres.  The  receiver  may  now  be  moved  in  all  di- 
rections, and  may  be  slid  until  it  is  over  the  small  cavity, 
into  which  the  extremity  of  the  curved  tube  by  which  the  gas 
is  disengaged,  is  adapted.  To  one  of  the  angles  of  the  box 
may  be  fitted  a  small  pure  iron  stopcock,  by  which  the  mer- 
cury is  drawn  off  when  the  operation  is  ended.  For  greater 
clearness,  I  subjoin  a  figure,  which  represents  this  new  trough 
of  the  dimensions  which  I  have  adopted. 


B                                                   /: 

/      Xi 

0 

// 

A  B  =  4£  centimetres  *.    B  C  =  23  centimetres.   C  D  =  17  centimetres. 
Depth  of  the  longitudinal  groove,  taken  above  the  glass  plate,  =  2  cen- 
timetres. 

•  The  centimetre  is  =  0-393708  of  a  English  inch. 
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ROYAL  SOCIETY. 

Anniversary  Meeting,  December  1,  184.5. 

THE  Marquis  of  Northampton  in  the  Chair. 
The  noble  President  stated  that  the  two  Royal  Medals  had 
been  adjudged  by  the  Council  to  the  Astronomer  Royal,  for  his  In- 
quiries into  the  Tides  on  the  Coast  of  Ireland  ;  to  Mr.  Beck,  for  his 
Investigation  of  the  Nerves  of  the  Uterus*;  and  the  Copley  Medal 
to  Prof.  Schwann,  for  his  valuable  work  On  the  Analogies  of  Vege- 
tables and  Animals. 

After  presenting  the  Medals,  the  President  proceeded  to  the  bio- 
graphical notices  of  some  of  the  deceased  members,  from  which  we 
.Hect  the  following: — 

L»^.  William  Heberden,  the  son  of  the  eminent  and  accom- 
plished author  of  the  '  Commentaries  on  the  History  and  Cure  of 
Diseases.'  was  born  in  London  in  the  year  1767.  At  the  early  age 
of  seven,  he  was  sent  to  school  at  the  Charter  House,  and  appears  to 

*  The  report  of  the  Committee  of  Physiology  on  the  claims  of  Mr.  Beck's 
paper  to  the  award  of  the  Medal,  is  as  follows  : — 

"  The  paper  of  Mr.  Beck  contains  the  result  of  an  elaborate  anatomical 
investigation  of  the  Nerves  of  the  Uterus,  together  with  observations  on 
the  structure  and  connexions  of  the  sympathetic  nerve. 

"  By  his  researches  the  author  has  cleared  up  various  points  concerning 
the  nerves  of  the  uterus  whiqh  have  hitherto  been  doubtful  or  misunder- 
stood. -He  has  determined  more  precisely  than  heretofore  the  source  and 
mode  of  distribution  of  these  nerves,  and  the  real  extent  to  which  the  organ 
is  supplied  with  them.  The  true  nature  of  the  nervous  ganglia  at  the  neck 
of  the  uterus,  and  of  the  plexuses  formed  by  the  sympathetic  and  sacral 
nerves  in  the  same  situation,  is  also  satisfactorily  made  out,  as  well  as  the 
fact  that  the  branches  derived  from  the  sacral  nerves  are  not  destined  for 
the  uterus,  but  are  distributed  to  adjacent  organs. 

"With  regard  to  the  sympathetic  nerve,  it  is  shown  that  there  are  both 
grey  and  white  separate  branches  of  communication  between  that  nerve  and 
the  spinal  nerves.  This  important  fact  has,  it  is  true,  been  already  pointed 
out  in  the  recently  published  work  of  Todd  and  Bowman,  but  the  author 
of  the  paper  has  nevertheless  the  merit  of  arriving  at  it  independently,  by 
his  own  observations.  He  has  further  shown  that  the  white  and  grey  con- 
stituents of  the  nerve  keep  distinct  from  each  other,  not  only  in  the  so- 
called  trunk  of  the  sympathetic,  but  also  in  its  primary  branches,  as  far  as 
the  visceral  ganglia,  beyond  which  the  white  and  grey  parts  become  inter- 
mixed in  the  nerves  distributed  to  the  viscera.  The  precise  mode  of  con- 
nexion of  the  white  and  grey  communicating  branches  with  the  spinal 
nerves  is  also  carefully  investigated.  These  observations  appear  important 
as  tending  to  throw  light  on  the  constitution  of  the  sympathetic  nerve  and 
its  relation  to  the  rest  of  the  nervous  system. 

"  The  Committee  consider  the  paper  of  Mr.  Beck  as  a  most  valuable 
contribution  to  the  Anatomy  of  the  nervous  system,  and  as  affording  addi  - 
tional  and  more  precise  data  for  physiological  reasoning  respecting  the 
nerves  to  which  it  refers.  On  these  grounds,  as  well  as  on  account  of  the 
consummate  skill  and  devoted  perseverance  displayed  by  the  author  in  his 
arduous  investigations,  they  have  recommended  that  his  paper  be  rewarded 
•with  the  Royal  Medal." 
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have  there  made  rapid  progress  in  the  elementary  branches  of  educa- 
tion. His  academical  studies  were  pursued  in  St.  John's  College, 
Cambridge,  where  he  highly  distinguished  himself  both  by  his  ma- 
thematical and  his  classical  acquirements.  Under  his  father's  tuition 
he  applied  himself  with  great  diligence  to  his  profession  as  a  pupil 
of  St.  George's  Hospital,  to  which,  at  a  subsequent  period,  he  was 
appointed  one  of  the  Physicians.  He  was  elected  a  Fellow  of  this 
Society  in  the  year  1791  :  and  in  1797,  became  a  Fellow  of  the 
College  of  Physicians.  He  died  on  the  19th  of  February,  1845, 
aged  77. 

His  contributions  to  the  Philosophical  Transactions  consist  of  two 
papers  ;  the  first  in  1796,  on  the  influence  of  cold  on  the  health  of 
the  inhabitants  of  London ;  in  which  he  shows,  in  opposition  to  the 
popular  prejudices  then  prevalent,  that  a  severe  winter  is  attended 
with  greatly  increased  mortality.  The  second  paper  is  entitled 
"  On  the  heat  of  Juty  1825,  together  with  some  remarks  on  sensible 
cold,"  in  which  he  points  out  the  causes  which  influence  our  sensa- 
tions of  temperature,  and  more  especially  the  powerful  effect  of  wind 
in  increasing  the  rate  of  cooling,  and  consequently  of  creating  the 
sensation  of  cold  in  the  human  body,  independently  of  any  actual 
depression  in  the  temperature  of  the  air. 

John  Frederic  Daniell  was  born  in  Essex  Street,  Strand, 
12th  of  March,  1790.  His  father,  George  Daniell,  Esq.,  Bencher 
of  the  Inner  Temple,  provided  him  with  a  good  classical  education 
under  his  own  roof.  At  an  early  age  he  showed  fondness  for  the 
pursuits  of  science,  and  was  placed  in  the  sugar  refining  establish- 
ment of  a  relative,  where  he  introduced  important  improvements  in 
the  manufacture.  The  pursuits  of  business,  however,  were r  uncon- 
genial to  his  tastes,  and  he  soon  relinquished  this  occupation.  In 
1813  he  was  elected  a  Fellow  of  the  Royal  Society,  of  which  body 
he  continued  till  the  day  of  his  death  a  zealous  and  active  member. 

The  services  he  rendered  to  more  than  one  branch  of  science 
were  of  no  ordinary  description.  From  an  early  period  of  his  life 
his  mind  M'as  directed  to  the  study  of  meteorology,  at  a  time  when  it 
consisted  of  little  more  than  a  vast  accumulation  of  facts  and  ob- 
servations. 

In  the  year  1823  he  published  the  first  edition  of  his  '  Meteoro- 
logical Essays,'  which  constituted  a  new  epoch  in  the  science,  and 
still  continues  the  standard  work  of  reference,  the  third  edition  of 
which  he  had  nearly  completed  at  the  time  of  his  death.  This  was 
the  first  attempt  to  embrace  in  a  general  view  the  scattered  facts  of 
the  science,  and  by  synthetically  applying  the  known  laws  which  re- 
gulate the  constitution  of  gases  and  vapours,  the  principles  of  their 
equilibrium,  and  the  distribution  of  heat  among  them,  to  give  a  con- 
nected account  of  the  main  phenomena  of  the  earth's  atmosphere. 
He  insisted  on  the  paramount  importance  of  extreme  accuracy  in 
the  construction  of  the  instruments  employed  for  such  inquiries,  and 
gave  directions  by  which  the  needful  accuracy  could  with  certainty 
and  facility  be  obtained.  By  the  invention  of  the  hygrometer,  which 
bears  his  name,  he  first  conferred  precision  on  the  means  of  ascer- 
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taiiiing  the  moisture  or  dryness  of  the  atmosphere,  a  point  of  cardi- 
nal importance  in  all  investigations  of  this  nature ;  his  instrument 
still  continues  that  which  can  be  best  depended  upon  for  this  pur- 
pose. With  these  accurate  instruments,  he  for  three  years  kept  a 
faithful  register  of  the  various  atmospheric  changes ;  he  organized 
the  plan  adopted  by  the  Horticultural  Society  in  their  annual  me- 
teorological reports,  a  plan  which  formed  the  model  to  the  admirable 
and  more  extended  series  of  meteorological  observations  now  issued 
weekly  from  the  Greenwich  Observatory  under  the  superintendence 
of  the  Astronomer  Royal. 

In  the  year  1824  he  communicated  to  the  Horticultural  Society 
an  essay  'On  Artificial  Climate,'  which  appeared  in  their  Transactions 
for  that  year.  In  this  paper  among  other  subjects  he  insisted  on 
the  absolute  necessity  of  attention  to  the  moisture  of  the  atmosphere, 
as  well  as  of  that  of  maintaining  in  our  hot-houses  the  moisture  as 
well  as  the  temperature  of  a  tropical  climate,  if  we  would  produce 
a  vegetation  of  tropical  luxuriance.  The  publication  of  this  essay 
caused  a  complete  change  in  the  methods  adopted  for  the  culture  of 
plants  in  general,  and  particularly  of  those  contained  in  green- 
houses and  hot-houses,  which  upon  the  new  plans  speedily  outgrew 
the  houses  provided  for  their  reception.  The  Society  immediately 
awarded  him  their  silver  medal  to  mark  their  sense  of  the  import- 
ance of  his  views,  and  now  after  an  experience  of  more  than  twenty 
years,  Dr.  Lindley,  Professor  of  Botany  in  University  College,  not 
a  fortnight  before  his  death,  in  an  article  in  the  Gardener's 
Chronicle,  tracing  the  origin  of  the  improvements  in  this  branch  of 
horticulture,  ascribes  the  rapid  advance  in  the  practice  of  the  art, 
mainly  to  the  sound  and  original  views  promulgated  in  this  essay. 

For  the  purpose  of  making  more  minute  and  accurate  observa- 
tions upon  variations  in  the  atmospheric  pressure,  Mr.  Daniell  pro- 
posed to  the  Royal  Society,  in  1830,  to  construct  a  barometer  in 
which  water  should  be  the  fluid  used  instead  of  mercury.  He  was 
in  consequence  requested  to  superintend  the  construction  of  such  an 
instrument.  Great  practical  difficulties  attended  the  undertaking, 
but  these  he  happily  surmounted,  and  the  instrument  now  stands  in 
the  Hall  of  the  Apartments  of  the  Royal  Society  ;  he  was  engaged 
in  re-adjusting  it  within  a  few  weeks  of  his  decease.  On  occasion  of 
the  late  Antarctic  Expedition  under  the  command  of  Captain  Sir 
James  Ross,  and  the  establishment  by  Government  of  the  Magnetic 
and  Meteorological  observations,  founded  a  few  years  since  in  dif- 
ferent parts  of  the  British  Empire,  when  the  Admiralty  applied  to  the 
Royal  Society  for  instructions  as  to  the  nature  and  extent  of  the  ob- 
servations to  be  made,  Mr.  Daniell  was  requested  by  the  Committee 
of  Physics  of  the  Royal  Society,  to  draw  up  the  Meteorological  por- 
tion of  these  directions.  The  paper  which  he  then  prepared  fur- 
nished the  basis  of  that  part  of  the  Report  of  the  Committee,  pub- 
lished in  the  year  1840,  under  the  sanction  of  the  Royal  Society. 

But  it  was  not  alone  to  meteorology,  and  its  practical  applications, 
that  his  labours  were  confined  ;  his  researches  upon  various  chemical 
subjects  were  not  less  numerous  or  important.     More  than  forty 
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original  papers,  including  thirteen  on  meteorology,  were  communi- 
cated by  him  to  various  scientific  publications;  among  others  he 
published  several  memoirs  on  Crystallization,  and  its  attendant  phe- 
nomena. Between  the  years  18*30  and  1844,  the  Transactions  of 
this  Society  were  enriched  by  twelve  papers  on  important  subjects 
from  his  pen.  He  invented  a  process  for  making  gas  from  resin  for 
the  purposes  of  illumination,  by  which  the  streets  of  New  York  are 
lighted  at  the  present  time.  For  this  improvement  he  received  no 
other  acknowledgment  than  a  vote  of  a  few  pounds'  worth  of  books. 
In  the  year  1830,  he  described  in  the  Philosophical  Transactions,  a 
new  instrument  for  measuring  high  degrees  of  heat,  such  as  the 
temperature  of  furnaces,  and  the  melting-points  of  metals.  By 
means  of  this,  his  pyrometer,  he  ascertained  numerous  facts  of  great 
interest  both  in  a  scientific  and  in  a  practical  point  of  view.  For 
the  invention  of  this  instrument,  which  is  still  the  best  for  the  objects 
intended,  the  Royal  Society  awarded  him  the  Rumford  Medal. 

After  his  appointment  as  Professor  of  Chemistry  in  King's  College, 
his  researches  were  turned  principally  to  the  phenomena  presented 
by  Voltaic  Electricity,  and  they  led  to  the  invention  of  his  constant 
battery ;  for  this  the  Royal  Society  conferred  upon  him  the  highest 
honour  in  their  gift,  the  Copley  Medal  for  the  year  1836.  The 
possibility  of  maintaining  powerful  and  equable  currents  of  electri- 
city for  any  required  period,  was  established  by  this  invention. 
The  impulse  thus  given  to  the  progress  of  electrical  research  cannot 
be  too  highly  estimated,  and  to  it  must  be  traced  the  numerous  ap- 
plications of  electricity,  to  the  blasting  of  rocks,  the  working  of 
mines,  and  to  submarine  operations,  and  to  the  arts  of  electro-plating, 
gilding,  zincing,  &c,  which  have  recently  acquired  such  magnitude. 
His  subsequent  researches  in  the  same  field  are  contained  in  the 
Philosophical  Transactions,  and  were  honoured  by  the  Society  in 
the  year  1842  by  one  of  the  Royal  Medals.  In  1839  Professor 
Daniell  was  placed  on  the  Commission  appointed  by  the  Admiralty 
to  inquire  into  the  best  method  of  defending  the  ships  in  the  Royal 
Navy  from  lightning,  and  the  same  year  the  Royal  Society  honoured 
him  with  the  office  of  Foreign  Secretary  to  their  body.  His  "  In- 
troduction to  Chemical  Philosophy,"  published  during  the  course  of 
this  year,  contributed  still  further  to  increase  his  reputation,  and  in 
1842  he  received  from  the  University  of  Oxford  the  honorary  degree 
of  D.C.L.  In  consequence  of  the  rapid  corrosion  of  the  copper 
sheathing  of  the  vessels  employed  upon  the  African  stations,  the 
Admiralty  requested  him  to  examine  the  damaged  sheets  of  metal 
and  the  waters  taken  up  from  the  localities  where  the  corrosion  was 
the  greatest ;  he  detected  the  cause  of  this  decay,  showing  that  sul- 
phuretted hydrogen  was  abundantly  generated  in  the  ocean  at  these, 
spots,  and  succeeded  in  extracting  from  the  metal  plates  the  sulphur 
which  had  occasioned  their  corrosion.  It  is  a  remarkable  proof  of 
the  variety  and  extent  of  Mr.  Daniell's  acquirements,  that  he  received 
at  different  times  all  the  medals  in  the  gift  of  the  Royal  Society. 

The  circumstances  which  attended  the  sudden  and  lamented  ter- 
mination of  his  valuable  life,  are  known  to  most  of  the  Fellows  of 
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this  Society.  On  the  13th  of  March  1845,  after  delivering  his  usual 
lecture  at  King's  College,  apparently  in  perfect  health,  he  attended 
the  Council  Meeting  of  this  Society,  and  shortly  after  making  some 
observation  upon  the  business  of  the  meeting,  was  seized  with  sym- 
ptoms indicating  an  attack  of  apoplexy.  Several  medical  men  who 
were  present  hastened  to  his  relief,  and  he  was  immediately  bled ; 
not  the  slightest  benefit,  however,  attended  this  measure,  and  in  five 
minutes  he  was  a  corpse.  The  shock  occasioned  by  this  melancholy 
event,  may  be  easier  imagined  than  described,  and  cast  a  wide- 
spread gloom  over  the  extensive  circle"  of  his  friends  and  acquaint- 
ance. As  a  mark  of  respect  to  his  memory,  the  Noble  President 
postponed  the  ordinary  meeting  of  the  Society,  which  was  to  have 
been  held  that  evening.  His  remains  were  interred  at  Norwood, 
Surrey,  where  during  the  last  ten  years  of  his  life  he  had  resided. 

Mr.  Daniell  survived  his  wife  eleven  years,  and  left  a  family  of 
two  sons  and  five  daughters  to  deplore  his  loss.  High  as  were  his 
scientific  attainments,  he  possessed  others  of  a  still  loftier  and  more 
enduring  character ;  to  the  sterling  qualities  of  a  vigorous  under- 
standing, and  a  kind  and  benevolent  heart,  he  united  the  humble 
and  unobtrusive  piety  of  a  sincere  christian. 

Mr.  George  Bassevi,  an  architect  of  distinguished  reputation. 
Jaques  Dominique  Cassini,  Compte  du  Thury,  was  elected  a 
Foreign  Member  of  this  Society  in  1789,  and  at  the  time  of  his 
death  had  attained  the  extraordinary  age  of  97  years :  he  was  the 
fourth  in  direct  descent  of  a  family  which,  during  a  period  of  nearly 
two  centuries,  has  been  singularly  illustrious  in  the  history  of  the 
sciences,  and  more  particularly  of  astronomy.  His  great  grand- 
father, Jaques  Dominique  Cassini,  one  of  the  greatest  astronomers 
of  his  age,  was  born  in  1625,  and  was  invited  by  Louis  XIV. 
from  Italy  to  France,  to  preside  over  the  magnificent  Observatory 
of  Paris,  which  was  built  under  his  directions  :  his  first  successor  in 
the  direction  of  this  establishment  was  his  son  Jean  Jaques,  an 
astronomer  not  less  eminent  than  himself;  the  second  his  grandson, 
more  commonly  designated  as  Cassini  de  Thury,  so  well  known  by 
his  great  Geodetical  Survey  and  Map  of  France ;  and  the  third  his 
great  grandson,  the  subject  of  the  present  notice,  who  was  displaced 
from  it  by  the  troubles  of  the  Revolution,  which  involved  him,  at 
least  for  a  time,  in  the  common  proscription  of  the  aristocracy  of 
France.  The  shock  of  these  sad  events  seems  to  have  diverted  his 
mind  from  scientific  pursuits,  for  we  find  his  name  connected  with 
no  research  in  astronomy  or  geodesy  during  the  last  half-century. 

The  Comte  de  Cassini  completed  the  celebrated  map  of  France 
which  had  been  begun  by  his  father.  He  published  an  account  of 
voyages  which  he  made  in  1768  and  1769,  for  the  trial  of  the 
marine  chronometers  of  Le  Roy,  and  a  memoir  "  Sur  l'influence  de 
l'equinoxe  du  printemps  et  du  solstice  d'ete  sur  les  declinaisons  et 
les  variations  de  l'aiguille  aimantee :"  he  superintended  and  pub- 
lished an  account  of  the  observations  which  were  made  in  1789,  by 
a  commission  appointed  for  that  purpose,  for  the  junction  of  the 
Observatories  of  Paris  and  Greenwich,  with  a  special  reference  to 
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the  connection  of  the  Geodetical  Survey  of  France  which  had  been 
made  by  his  father,  with  the  corresponding  Survey  of  England  which 
was  at  that  time  in  progress  under  General  Roy :  he  was  the  author 
likewise  of  "  Memoires  pour  servir  a.  l'Histoire  des  Sciences  et  a 
celle  de  l'Observatoire  Royal  de  Paris,  suivis  de  la  Vie  de  Jaques 
Dominique  Cassini,  premier  du  nom." 

With  him  have  terminated  the  honours  of  the  house  of  Cassini, 
though  he  was  not  the  last  of  his  race  who  distinguished  himself  in 
the  career  of  the  sciences ;  his  son,  Henri  Cassini,  an  upright  and 
enlightened  judge  in  the  Cour  Royale  and  the  Cour  de  Cassation, 
and  one  of  the  most  learned  botanists  of  his  age,  fell  a  victim  to  the 
cholera  in  1 833,  and  with  him  died  the  last  stay  of  the  old  age  of 
his  father:  he  was  the  fifth  of  his  family  who  had  been  elected  a 
member  of  the  Academie  des  Sciences.  He  was  a  boy  at  the  break- 
ing out  of  the  Revolution,  and  was  compelled,  from  a  regard  to  his 
personal  safety,  to  live  in  the  strictest  retirement  at  his  father's  domain 
of  Thury ;  a  circumstance  which  turned  his  attention  to  the  cultiva- 
tion of  Natural  History  and  Botany,  and  diverted  him,  as  he  was 
accustomed  to  lament,  from  those  studies  and  pursuits  which  formed, 
as  it  were,  the  proper  and  hereditary  honours  of  his  family. 

Theodore  de  Saussure  was  born  in  Geneva  the  14th  of  Octo- 
ber, 1767.  His  father,  known  throughout  the  civilized  world  as  the 
geological  explorer  of  the  Alps,  who  first  reared  observatories  on 
heights  almost  inaccessible,  and  who  inscribed  his  name  on  the 
eternal  snows  of  the  loftiest  mountain  in  Europe,  was  by  profession 
a  physician.  Being  animated  with  an  ardent  love  for  science,  which 
he  cultivated  most  assiduously,  it  is  not  a  matter  of  surprise  that  after 
entrusting  his  son  for  a  short  time  to  a  private  tutor,  he  should  have 
undertaken  personally  his  education,  so  far  as  to  enable  him  to  enter 
the  Academy  of  Geneva,  where  young  De  Saussure  soon  distin- 
guished himself.  Previously  to  this  period,  his  father  had  caused 
him  to  study  medicine,  mineralogy,  and  natural  history ;  and  had 
also  inspired  him  with  a  taste  for  experimental  chemistry,  which  he 
constantly  required  for  the  analyses  of  minerals.  By  degrees  the 
son  became  associated  with  the  scientific  labours  of  his  father,  who 
records  that  when  he  resolved  upon  attempting  the  ascent  of  Mont 
Blanc,  in  August  1787,  his  son,  then  nineteen  years  of  age,  expressed 
the  strongest  desire  to  accompany  him ;  but  being  apprehensive 
that  he  was  not  sufficiently  strong,  he  was  unwillingly  obliged  to 
leave  him  at  the  Priory  at  Chamouni,  where  he  made  with  great 
care  meteorological  observations,  simultaneously  with  those  carried 
on  at  the  summit  of  Mont  Blanc.  In  the  month  of  June  of  the 
following  year,  Theodore  de  Saussure  accompanied  his  father  in 
the  laborious  and  hazardous  expedition  to  the  Col  du  Geant,  where 
they  remained  for  seventeen  days,  during  which  time  young  De  Saus- 
sure rose  every  morning  at  four  o'clock,  to  commence  the  meteorolo- 
gical observations,  which  he  continued  with  unremitting  diligence 
until  ten  o'clock  each  night;  and  so  thoroughly  did  he  enter  into  the 
scientific  pursuits  of  his  parent,  that  he  almost  importuned  the  latter 
to  extend  the  period  of  his  sojourn  amidst  those  splendid  scenes  ; 
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which  was  however  effectually  prevented  by  the  guides,  who,  alarmed 
at  the  idea  of  a  longer  stay  amidst  those  icy  heights,  destroyed  all 
the  remaining  provisions,  necessarily  compelling  the  De  Saussures 
to  descend  to  Cormayeur. 

From  this  period  we  find  Theodore  De  Saussure  always  accom- 
panying his  father,  who  was  not  slow  in  availing  himself  of  the  great 
advantages  derivable  from  his  son's  labours.  In  1789,  they  made 
the  very  difficult  tour  of  Monte  Rosa,  it  being  the  first  time  that 
the  gold  mines  of  Macugnaga  were  visited  by  men  of  science.  It 
was  during  this  excursion  that  young  De  Saussure  restored  by  experi- 
ments that  confidence  in  the  accuracy  of  the  barometer  for  measu- 
ring heights,  which  the  assertion  of  Bouguerhad  tended  to  weaken. 
He  made  seventy  experiments  at  different  heights,  and  in  calculating 
the  results,  was  always  careful  to  make  the  necessary  corrections 
for  temperature  and  humidity,  which  Bouguer  appears  to  have  neg- 
lected. The  enthusiasm  and  physical  energy  of  young  De  Saussure 
were  almost  too  great  for  his  father,  who  was  now  aged,  and  weak- 
ened by  various  illnesses,  and  consequently  we  often  find  the  latter 
compelled  to  resist  his  son's  desire  to  prolong  their  arduous  excur- 
sions. 

The  storms  of  the  Revolution,  more  powerful  than  those  of  the 
Alps,  at  length  put  an  effectual  stop  to  these  useful  scientific  excur- 
sions, which  had  been  continued  for  so  many  years.  Theodore  de 
Saussure,  in  common  with  many  men  of  his  age,  was  compelled  to 
leave  his  country.  He  visited  this  country  with  Alexander  Marcet, 
who  many  years  afterwards  became  his  colleague  in  the  Academy  at 
Geneva.  After  travelling  over  England  and  Scotland,  he  returned 
to  Geneva,  and  resolved  henceforth  to  devote  his  life  to  scientific 
pursuits.  The  taste  which  he  had  acquired  for  chemistry  under  his 
father's  tuition,  had  been  strengthened  in  England  and  in  France, 
where  that  science  was  eagerly  cultivated;  and  on  his  return  to 
Geneva,  he  determined  to  select  the  vegetable  kingdom  for  the  field 
of  his  researches,  and  zealously  applied  himself  to  discover  by  ex- 
periments the  influence  of  the  atmosphere  and  of  soils  upon  plants, 
and  the  various  chemical  changes  which  they  undergo.  With  the 
exception  of  some  few  accessory  labours,  M.  de  Saussure  spent  a 
long  life  upon  this  branch  of  science  ;  and  it  may  be  truly  said  that 
he  has  done  more  to  advance  the  knowledge  of  vegetable  physio- 
logy than  any  other  person.  It  is  worthy  of  remark  that  he  laboured 
seven  years  silently,  before  publishing  the  results  of  his  investiga- 
tions. These  were  comprised  in  his  work  entitled  "Recherches 
Chimiques  sur  la  Vegetation,"  which  appeared  in  1804.  He  sub- 
sequently published  in  the  Annales  de  Physique  et  de  Chimie,  the 
results  of  his  investigations  into  the  action  of  the  petals  of  flowers 
upon  the  atmosphere.  The  great  importance  which  he  attached 
to  the  nutritive  power  of  carbonic  acid  upon  plants,  directed  his 
attention  to  the  proportion  of  this  gas  in  the  atmosphere.  In  1816, 
he  published,  in  the  first  volume  of  the  Bibliotheque  Universelle, 
some  researches  on  this  subject,  which  being  greatly  extended, 
formed  afterwards  a  paper  which  was  published  in  1830  in  the 
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M6moires  de  la  Society  de  Physique  et  d'Histoire  Naturelle  de  Ge- 
ndve,  under  the  title  of  "  De  Taction  des  huiles  sur  le  gaz  oxygene 
a  la  temperature  atmospherique."  After  examining  the  action  of 
the  green  portions  of  plants,  roots  and  flowers  upon  the  atmosphere, 
M.  de  Saussure  carried  his  investigation  to  the  same  parts  of  fruits. 
The  result  was  a  long  paper  published  in  1821,  in  the  Memoirs  of 
the  same  Society,  entitled  "  Influence  des  fruits  verts  sur  l'air,  avant 
leur  maturite."  He  shows  in  this  paper,  that  unripe  fruit  exercises 
the  same  influence  as  leaves  upon  the  air. 

Independently  of  his  vegeto-physiological  researches,  M.  de 
Saussure  published  some  papers  descriptive  of  minerals  in  the  Jour- 
nal de  Physique.  These  are  entitled,  "Analyse  du  Sappare," 
"  Sur  une  hydrophane  imbib§e  de  cire,"  "  Analyse  de  la  Dolomie," 
and  "  Sur  le  Sappare  dur." 

M.  de  Saussure  was  of  a  most  reserved  habit,  the  result  probably 
of  his  solitary  education  :  it  is  recorded  of  him  that  he  seldom  de- 
sired to  converse  with  his  friends  on  the  scientific  subjects  occupy- 
ing his  attention  ;  and  so  far  did  he  carry  this  reserve,  that  even  his 
most  intimate  acquaintances  were  generally  ignorant  of  the  nature 
of  the  papers  which  he  proposed  reading  before  the  Society  of 
Natural  History.  The  same  disposition  prevented  him  from  acting 
as  Professor  in  the  Academy  of  Geneva,  though  appointed  to  the 
Chair  of  Mineralogy  and  Geology  in  the  year  1802.  It  was  found 
impossible  to  overcome  his  repugnance  to  give  the  usual  courses  of 
lectures,  though  at  the  same  time  he  gave  evidence  of  his  warm 
interest  in  the  Academy  by  constantly  attending  its  meetings.  In 
1814,  he  was  elected  a  member  of  the  Legislative  Council  of  the 
Republic  of  Geneva,  but  he  was  too  timid  to  take  an  active  part  in 
the  debates  of  this  body.  In  1790  he  became  a  member  of  the 
Agricultural  Section  of  the  Society  of  Arts,  and  always  continued 
one  of  its  most  zealous  supporters.  He  was  a  Foreign  Member  of 
the  French  Institute,  of  the  Royal  Academies  of  Naples,  Turin  and 
Munich  ;  of  the  Institute  of  Fine  Arts  and  Sciences  at  Amsterdam; 
of  the  Linnean  Societies  of  Paris  and  London ;  theWernerian  Society 
of  Edinburgh ;  and  was  elected  a  Foreign  Member  of  the  Royal 
Society  in  1820.  In  1842,  M.  de  Saussure  was  unanimously  elected 
President  of  the  Scientific  Congress,  which  met  that  year  at  Lyons, 
thus  marking  the  high  esteem  in  which  he  was  held  as  a  man  of 
science.  Having  preserved  throughout  life  the  best  health,  M.  de 
Saussure  died  on  the  18th  of  April  1845,  at  the  advanced  age  of  78, 
leaving  behind  him  the  reputation  of  a  long  life  passed  in  severe 
and  patient  study,  interrupted  only  when  he  came  before  the  world 
with  the  results  of  his  laborious  experiments  and  researches. 

Dr.  Roget,  reported  the  following  Noblemen  and  Gentlemen  as 
being  duly  elected  Officers  and  Council  for  the  ensuing  year,  viz. — 

President. — The  Marquis  of  Northampton.  Treasurer. — George 
Rennie,  Esq.,  V.P.  Secretaries. — Peter  Mark  Roget,  M.D.,  Samuel 
Hunter  Christie,  Esq.,  M.A.  Foreign  Secretary. — Lieut.-Col.  Ed- 
ward Sabine,  R.A.  OtJier  Members  of  the  Council. — John  Bostock, 
M.D. ;  Sir  William  Burnett,  M.D.,  K.C.H.,  V.P. ;  Charles  Daubeny, 
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M.D.;  Bryan  Donkin,  Esq.;  Very  Rev.  Dean  of  Ely,  V.P. ;  Thomas 
Galloway,  Esq.,  M.A. ;  William  Robert  Grove,  Esq.,  M.A.;  Leo- 
nard Horner,  Esq.,  V.P. ;  Sir  J.  W.  Lubbock,  Bart.,  M.  A.,  V.P. ; 
John  Forbes  Royle,  M.D. ;  William  Sharpey,  M.D. ;  William  Henry 
Smyth,  Capt.  R.N. ;  John  Taylor,  Esq. ;  Charles  Wheatstone,  Esq. ; 
Rev.  Robert  Willis,  M.A. ;  Lord  Wrottesley,  V.P. 

—■—    'v^Jl.XIX.  Intelligence  and  Miscellaneous  Articles. 

*        |      NOTE  Bl&MR.  T.  HOPKINS  ON  HIS  PAPER  ON  THE  SEMI-DIUR- 
1  V  Ci)  cirUCgfi)  NAL  FLUCTUATIONS  OF  THE  BAROMETER. 

w  To  Richard  Taylor,  Esq., 

s -•/>;!>  a  &*$>&■> 

IN  looking  over  my  paper,  inserted  in  the  Philosophical  Magazine 
for  March,  "  On  the  Causes  of  the  Semi-diurnal  Fluctuations 
of  the  Barometer,"  I  discovered  that  a  mistake  had  been  made  in  put- 
ting down  the  figures  in  the  Plymouth  table,  which  express  the  tem- 
perature at  1  p.m.  The  mistake  arose  in  this  way.  In  the  tables, 
as  inserted  in  the  Report  of  the  British  Association  for  1839,  the 
temperature  for  1  p.m.  is  entered  45*83.  This  appeared  a  typogra- 
phical error,  and  in  order  to  correct  it  a  5  was  substituted  for  the  4, 
leaving  the  numbers  55" 83.  This  temperature  of  the  dry  thermo- 
meter was  then  compared  with  that  of  the  wet-bulb  thermometer, 
and  the  influences  of  temperature  and  evaporation  as  thus  exhibited 
were  inferred  and  remarks  were  made  upon  them  in  the  paper.  But 
an  examination  of  other  parts  of  the  Plymouth  report  now  shows 
that  the  figures  45  in  the  thermometric  column  should  have  been 
transposed,  when  the  temperature  at  1p.m.  would  have  been  found 
only  54*83  instead  of  55 '83,  making  the  rise  of  temperature  from 
10  a.m.  to  1  p.m.  only  1*99,  whilst  the  force  of  evaporation  is  only 
0*89.  The  tabular  statement  of  the  rise  of  temperature  and  the  force 
of  evaporation  at  the  two  periods  would  then  be  from 

c  i.    in    f  5*86  of  temperature  and  1  , 

5  to  10  <  o  ,  o    r  4.-  /  caused  a  rise, 

1 2*  18  of  evaporation  J 

10  to  1    I1'9*  °l  temPera<iure  and\  caused  a  fall. 
L 0*89  of  evaporation  J 

Wishing  to  be  correct  in  my  statements,  I  have  to  request  that 
you  will  insert  this  letter  in  the  next  Number  of  your  valuable  pub- 
lication. 

I  am,  Sir, 

Your  most  obedient  Servant, 
Manchester,  March  6,  1846.  Thomas  Hopkins. 


ON  SOME  NEW  COMPOUNDS  OF  PERCHLORIDE  OF  TIN. 
BY  M.  LEWY. 

The  author  remarks,  that  although  the  perchloride  of  tin  has  been 
the  object  of  numerous  researches,  the  compounds  which  it  forms 
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with  basic  chlorides  and  organic  matters  have  not  hitherto  attracted 
much  attention. 

Compounds  with  Water.— \t  is  well  known  that  when  a  small  quan- 
tity of  water  is  added  to  perchloride  of  tin,  the  whole  becomes  a 
crystalline  mass ;  on  adding  more  water,  the  hydrate  thus  formed 
dissolves,  and  yields  fresh  crystals  by  slow  evaporation  ;  the  form  of 
these  could  not  be  ascertained  on  account  of  their  extreme  deliques- 
cence.  Their  formula  appeared  to  be  SnCl2+ 5HO,  or  to  consist  of — 

Chlorine    40'55 

Tin     33-68 

Water    25-77 

100-00 

When  these  crystals  are  exposed  in  vacuo  over  sulphuric  acid, 
they  lose  a  certain  quantity  of  water  of  crystallization,  and  eventually 
a  hydrate  remains  containing  only  two  equivalents  of  water. 

Compounds  with  the  Chlorides. — It  is  well  known  that  perchloride 
of  tin  possesses  properties  analogous  to  those  of  acids  ;  it  combines 
with  basic  chlorides  to  form  double  chlorides,  the  greater  part  of 
which  crystallize  very  readily ;  they  all  contain  equal  equivalents  of 
perchloride  of  tin  and  basic  chlorides. 

The  compounds  formed  with  chloride  of  potassium  and  chloride  of 
ammonium  are  anhydrous.     The  former  contains — 

By  analysis.  By  calculation.  Equivalents. 

Chlorine 5204  52-01  CI3 

Tin 28-50  28'79  Sn 

Potassium     ..      18-76  1919  K 

99-30  99-99 

Chloride  of  Tin  and  Ammonium. — This  salt  consists  of — 

By  analysis.  By  calculation.  Equivalents. 

Chlorine 57-33  *    58-03                 Cls 

Nitrogen 7"70  7'65                 N 

Hydrogen    ..        7 '70  2-19                 H4 

Tin 32-30  32-13                 Sn 

10000 

The  compounds  which  perchloride  of  tin  forms  with  the  chlorides 
of  sodium,  strontium,  magnesium,  calcium,  and  barium,  all  contain 
water  of  crystallization ;  and  as  far  as  the  author's  experiments  have 
yet  been  carried,  these  double  salts  all  contain  five  equivalents  of 
water. 

Double  chloride  of  Sodium  and  Tin,  when  the  analysis  is  corrected 
by  calculation,  appears  to  consist  of — 

Equivalents. 

Chlorine    45-54  CI3 

Sodium 9-94  Na 

Tin    25-21  Sn 

Water 19-30  Aqs 

99-99 
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The  form  of  this  salt  has  not  been  determined,  but  it  appeared  to 
be  formed  of  small  prisms. 

Double  chloride  of  Strontium  and  Tin. — The  corrected  analysis 
gave — 

Equivalents. 

Chlorine    41'84  Cl» 

Strontium 17 -26  Sr 

Tin    23-17  Sn 

Water 17'73  Aq5 

100-00 

This  salt  has  the  form  of  long  channeled  prisms,  the  summits  of 
which  are  not  of  determinable  form. 

Double  chloride  of  Magnesium  and  Tin. — The  analysis  corrected 
gave — r 

Equivalents. 

Chlorine   47*71  CI3 

Magnesium  ....        5  '66  Mg 

Tin 26-41  Sn 

Water 20-21  Aq5 

99-99 

It  appears  to  crystallize  in  rhombohedrons  of  about  125°.  This 
measure  is  however  only  an  approximation  to  within  one  or  two  de- 
grees ;  it  was  impossible  to  obtain  a  more  accurate  one,  on  account 
of  the  extreme  deliquescence  of  the  salt. 

Double  chloride  of  Calcium  and  Tin  gave  by  corrected  analysis, — ■ 

Equivalents. 

Chlorine    46-17  CI3 

Calcium     8'  69  Ca 

Tin    2556  Sn 

Water 19*56  Aq5 

99-98 

This  salt  is  still  more  deliquescent  than  the  preceding ;  the  form 
of  the  crystal  appears  at  first  to  be  a  cube,  but  on  measuring  the  an- 
gles by  the  goniometer,  one  was  found  of  84°  to  86°,  and  the  other 
of  94°  to  96°.  It  is  therefore  probable  it  also  crystallizes  in  rhom- 
bohedrons. 

Double  chloride  of  Barium  and  Tim.— This  gave  by  corrected  ana- 
lysis,— 

Equivalents. 

Chlorine    38' 13  CI3 

Barium 24*59  Ba 

Tin    21-11  Sn 

Water 16-16  Aq5 

99-99 
The  form  of  this  salt  was  not  determined,  but  as  far  as  an  opinion 
could  be  formed,  it  appeared  to  consist  of  small  prisms. 

Compounds  of  Bichloride  of  Tin  and  Organic  Bodies. — The  author 
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prepared,  as  had  been  some  years  since  been  done  by  M.  Kuhlman, 
compounds  of  bichloride  of  tin  with  sulphuric  aether,  alcohol,  hydro- 
chloric aether,  and  pyroxylic  spirit ;  and  M.  Lewy  combined  it  also 
with  oxalic  aether,  benzoic  aether,  benzoate  of  methylene,  acetic  aether, 
acetic  acid,  benzoic  acid,  oil  of  bitter  almonds,  urea,  camphor,  ethal, 
&c.  The  greater  part  of  these  compounds  formed  very  fine  crystals, 
but  their  ready  alteration  in  the  air,  and  even  in  vacuo,  as  well  as 
the  difficulty  of  purifying  them,  have  hitherto  prevented  an  exact 
analysis  of  them ;  M.  Lewy  therefore  endeavoured  to  verify  the  opi- 
nion of  M.  Kuhlman  as  to  the  composition  of  the  compounds  which 
he  had  formed. 

Compound  of  Perchloride  of  Tin  and  Sulphuric  Mther. — This  forms 
crystals  of  very  great  beauty ;  it  is  obtained,  as  shown  by  M.  Kuhl- 
man, by  mixing  the  two  bodies  either  in  the  state  of  liquids  or  va- 
pours. The  crystals  have  the  form  of  rhomboidal  tables  of  a  bril- 
liant aspect  and  perfect  formation.  They  are  volatile  without  de- 
composition, dissolve  readily  in  excess  of  aether,  and  decompose  in 
contact  with  the  air.     This  compound  appeared  to  be  formed  of — 

Equivalents. 

Chlorine    34-77  CI2 

Tin 28-88  Sn 

Carbon 23-57  C3 

Hydrogen 4-91  H10 

Oxygen 7'86  O 

99-99 
Compound  of  Perchloride  of  Tin  and  Anhydrous  Alcohol. — This  was 
formed  by  merely  mixing  the  two  liquids.  During  mixture,  the  tem- 
perature of  the  substances  was  always  kept  below  32°  Fahr. ;  when 
the  combination  has  taken  place,  it  is  to  be  exposed  in  vacuo  to  sul- 
phuric acid  and  potash.  After  some  days  the  compound  appears  in 
the  form  of  small  prismatic  crystals,  which  readily  dissolve  in  an 
excess  of  alcohol,  so  that  it  is  easy  to  re-crystallize  them.  The  cry- 
stals must  not,  however,  be  kept  too  long  in  vacuo,  as  they  then 
alter  readily.     This  compound  gave,  by  corrected  analysis, — 

Equivalents. 

Chlorine    32-74  CI* 

Tin    36-32  Sn2 

Carbon 14'82  C8 

Hydrogen 3-71  H12 

Oxygen    1236  O5 

99-95 

Compound  of  Perchloride  of  Tin  with  Oxalic  jEther. — This  is  pre- 
pared in  the  same  manner  as  the  preceding.  When  small  quantities 
of  perchloride  of  tin  are  added  to  oxalic  aether,  a  moment  arrives  at 
which  a  crystalline  mass  is  formed,  consisting  of  small  needles 
grouped  round  a  common  centre.  These  crystals  alter  readily,  and 
it  is  best  to  analyse  them  as  soon  as  formed.  When  mixed  with 
water,  oxalic  aether  is  reproduced. 
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Analysis  showed  that  this  is  a  compound  of  equal  equivalents  of 
the  perchloride  and  the  aether,  or — 

Equivalents. 

Chlorine    34*94  CI2 

Tin 2902  Sn 

Carbon 1777  C« 

Hydrogen 2*47  Hb 

Oxygen 15-80  0+ 

100-00 
Ann.  de  Ch.  et  de  Phys.,  Mars  1846. 


ANALYSIS  OF  TWO  SPECIES  OF  EPIPHYTES,  OR  AIR  PLANTS. 
BY  JOHN  THOMSON,  A.M.* 

I.  Commelina  Skinneri. — Until  about  four  months  prior  to  the  time 
this  plant  was  examined,  it  had  roots  in  some  of  the  pots ;  but  about 
that  time,  Mr.  Murray,  of  the  Botanic  Gardens,  cut  off  all  its  roots, 
and  left  it  hanging  on  the  Avail  to  which  it  had  been  trained.  I  had 
only  353*05  grains  of  the  young  shoots  to  operate  on,  so  that  very 
great  precision  cannot  be  expected  in  the  results.  After  exposing 
this  quantity  on  a  sand-bath  to  a  heat  of  about  280°,  there  remained 
71*91  grains  of  the  dried  plant,  so  that  the  difference,  which  must 
have  been  almost  wholly  water,  amounts  to  281 '14  grains.  The  dried 
portion  was  then  burned  :  it  left  a  residue  of  7*14  grains  of  ashes, 
which  were  now  subjected  to  analysis. 

After  treating  the  ashes  with  water  to  separate  the  soluble  from 
the  insoluble  part,  and  evaporating  the  two  portions  to  dryness,  there 
were  obtained  of  matters  insoluble  in  water  4*22  grains,  and  of  so- 
luble substances  3*05  grains,  the  whole  amounting  to  7*27  grains, 
there  being  thus  an  excess  of  -13  grain. 

Muriatic  acid  was  then  poured  on  the  insoluble  portion,  when  a 
violent  effervescence  took  place,  and  only  '77  grain  remained  undis- 
solved. By  fusing  this  with  carbonate  of  soda,  and  adding  muriatic 
acid  in  the  ordinary  way,  there  were  found  to  be  "60  grain  of  silica. 
The  whole  quantity  dissolved  in  muriatic  acid  was  now  mixed,  and 
ammonia  was  added.  A  precipitate  fell,  which  was  boiled  with 
caustic  soda  to  remove  alumina.  What  remained  was  evidently  per- 
oxide of  iron;  it  was  dried,  and  found  to  weigh  -22  grain.  The 
portion  dissolved  by  the  caustic  soda  was  precipitated  by  the  addition 
of  muriatic  acid,  the  excess  of  which  was  removed  by  adding  carbo- 
nate of  soda.  There  were  thus  found  to  be  '44  grain  of  alumina, 
or  phosphate  of  alumina. 

To  the  washings  oxalate  of  ammonia  was  added,  and  after  filtering 
and  burning,  the  precipitate  weighed  2*90,  which  was  carbonate  of 
lime. 

The  next  point  was  to  determine  the  composition  of  the  salts 
soluble  in  water.  This  part  of  the  process  was  from  an  accident 
not  completely  executed.     The  only  constituents  which  were  deter- 

*  Read  before  the  Philosophical  Society  of  Glasgow,  December  4,  1844. 
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mined  were  the  sulphuric  acid,  the  potash,  and  the  soda,  the  first  of 
which  was  found,  by  precipitating  with  nitrate  of  barytes,  to  weigh 
•92  grain.  The  potash  and  soda  were  separated  by  means  of  bi- 
chloride of  platinum  and  found  to  weigh  respectively  '24  grain  and 
•94  grain.   The  following  then  is  a  statement  of  the  entire  results : — 

grs.  grs.  grs. 

Water 281-14 

Organic  matter  64*77 

fSulph.  acid.     -92 

("Soluble  in  water   3  05<  ^   ,        ' '  ' '        „. 

Ashes  1-\a1  LChlorine.&c.     '95 

AsheS    '  14<\  f  Silica     ....      -60 

t      i  i-i    •  a  nn)  Perox.ofiron     "22 

(Jnsoluble  m  water  4-22^  Alumina  .^ 

LCarb.oflime  2-90 


Entire  plant  .  353*05  727 

100  parts  of  the  plant  would  contain, — 

Water    79*64 

Organic  matter. .  . .      IS'34 
Ashes 2-02 

10000 

100  parts  of  the  ashes  again  would  contain  approximately — 

Soluble  salts. . . .      4272     42-72 

"Silica    8-43 

Peroxide  of  iron .        3*08 

Insoluble 59'  10-^  Alumina,  or  phos-  \    fi,  _ 

(  phate  of  alumina  J 
I^Carb.  of  lime    . .      40-62 

101-82  101-01 

II.  Vanilla  planifolia.— The  following  is  the  composition  of  a  spe- 
cimen of  the  Vanilla  planifolia  which  I  also  examined.  Although 
called  an  epiphyte,  it  had  roots  in  some  of  the  pots.  It  is  a  very 
succulent  plant  with  a  small  round  stem,  and  alternate  petiolated, 
elliptico-lanceolate,  polished  leaves  : — 

Water    8906 

Organic  matter  ....        9*84 
Ashes M0 

10000 

The  ashes  were  similar  in  composition  to  those  of  the  Commelina 
Skinneri.  They  contained  no  alumina,  and  had  a  perceptible  quan- 
tity of  phosphoric  acid.  It  is  probable  therefore  that  the  alumina  in 
the  first  analysis  is  accidental. 

These  analyses  were  conducted  under  the  direction  of  Dr.  R.  D. 
Thomson  in  the  College  Laboratory  of  Glasgow. 
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ANALYSIS  OF  CERADIA  FURCATA  RESIN. 
BY  ROBERT  D.  THOMSON,  M.D. 

The  plant  from  which  this  resin  exudes,  presents  the  appearance 
of  coral,  and  is  a  native  of  the  coast  of  Africa,  opposite  the  island  of 
Ichaboe. 

The  resin  possesses  an  amber  colour,  and  an  odour  similar  to  that 
of  olibanum.  It  partially  dissolves  in  alcohol,  and  is  precipitated 
by  water.  Caustic  ammonia  produces  no  precipitate  in  the  alcoholic 
solution.  The  alcoholic  solution  possesses  a  slightly  acid  reaction, 
and  is  not  precipitated  by  nitrate  of  silver.  Specific  gravity  1*197, 
determined  by  my  pupil,  Mr.  Hugh  B.  Tennent. 
Analysis  gave  the  following  results  : — 

19 "9  grains  lost  by  exposure  to  the  temperature  of  212°  for  some 
days  2"  11  grains.  During  the  whole  of  the  period  its  peculiar  odour 
was  emitted.  Previous  to  being  subjected  to  this  heat  it  was  pul- 
verized, but  it  speedily  became  soft,  and  collected  into  a  mass.  In 
this  state,  when  burned  with  oxide  of  copper  and  chlorate  of  potash, 
6*24  grains  gave  18*33  grains  COa, 
and  5-50  ...  HO. 
This  amounts  to  per  cent. — 

Carbon     80*113 

Hydrogen    9*793 

Oxygen 10*094 

100*000 
Calculated  according  to  the  formula  C10H7  O,  or  C40H2S  04,  the  re- 
sult would  be  as  follows  : — 

Carbon 80*00 

Hydrogen 9*33 

Oxygen 10*67 

100*00 

After  being  heated  in  the  water-bath  for  some  weeks,  the  resin 
still  continued  to  emit  an  odour.  It  was  then  pulverized,  and  again 
heated  somewhat  higher,  when  it  speedily  gave  out  fumes,  and  lost 
its  smell  entirely.  Its  composition  was  then  found  to  be  as  fol- 
lows : — 

6*52  grains  gave,  with  oxide  of  copper  and  chlorate  of  potash, — 
15*89  carbonic  acid, 
5*02  water, 
which  are  equivalent  to — 

Carbon 66*46 

Hydrogen 8*55 

Oxygen 24*99 

Calculated  according  to  the  formula 

'-'40>  **30>  ^-Ml* 

its  composition  will  be — 
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Carbon 67-03 

Hydrogen 8'37 

Oxygen 24'60 

From  the  Proceedings  of  the  Philosophical  Society  of  Glasgow, 
read  February  5,  1845. 


METEOROLOGICAL  OBSERVATIONS  FOR  MARCH  1846. 

Chiswick. — March  1.  Overcast.  2.  Very  fine.  3.  Cloudy.  4.  Rain.  5. 
Showery :  clear  and  fine.  6,  7.  Very  fine.  8.  Clear :  cloudy :  clear.  9.  Frosty: 
fine.     10.   Frosty  and  foggy :  fine:  very  clear.     1 1.   Slight  fog  :  very  fine  :  clear. 

12.  Foggy.  13.  Slight  haze.  14.  Cloudy  and  windy.  15.  Showery.  16.  Cloudy: 
boisterous:  heavy  showers.  17.  Overcast:  clear :  slight  frost  at  night.  18. 
Frosty:  overcast:  clear  and  frosty.  19.  Frosty:  overcast:  hazy.  20.  Snow  early 
a.m.,  nearly  two  inches  deep  :  cloudy  :  clear  and  frosty  at  night.  21 .  Sharp  frost : 
densely  clouded  :  boisterous,  with  rain  at  night.  22.  Clear  and  fine  :  showery. 
23.  Rain  :  cloudy  and  fine  :  clear.  24.  Cloudy  and  fine  :  clear.  25.  Fine  : 
overcast :  showery.  26.  Cloudy  and  fine.  27.  Clear  and  fine.  28.  Hazy. 
29.  Hazy  clouds :  fine.  30.  Slight  haze :  cloudy  and  cold  :  clear.  31.  Dry  haze: 
clear  and  fine. 

Mean  temperature  of  the  month     430-43 

Mean  temperature  of  March  1845     38  *49 

Mean  temperature  of  March  for  the  last  twenty  years...  42  -89 
Average  amount  of  rain  in  March    1  '36  inch. 

Boston. — March  1.  Foggy.  2,  3.  Cloudy.  4.  Windy  :  rain  early  a.m.  5. 
Cloudy :  rain  early  a.m.     6.   Cloudy :  rain  p.m.     7 — 10.   Fine.     11,12.  Cloudy. 

13.  Cloudy,  rain  at  noon.  14.  Cloudy  :  rain  a.m.  and  p.m.  15.  Cloudy.  16. 
Windy :  stormy  day  :  rain  p.m.  17.  Cloudy.  18.  Fine.  19.  Cloudy  :  snow 
early  a.m.  20.  Cloudy.  21 — 25.  Fine.  26.  Cloudy :  thunder-storm,  with  rain 
p.m.     27,28.  Fine.     29.  Fine  :  rain  a.m.     SO.  Cloudy.     31.  Fine. 

Sandwich  Manse,  Orkney. — March  1.  Bright:  cloudy.  2.  Clear:  cloudy.  3. 
Showers  :  clear.  4.  Bright :  clear.  5.  Fine  :  clear.  6.  Clear.  7.  Bright  : 
hail-showers.  8.  Showers :  clear.  9.  Damp  :  drops.  10.  Damp:  cloudy.  11. 
Clear:  halo.  12.  Cloudy:  drops.  13.  Cloudy  :  showers.  14.  Sleet-showers: 
showers:  sleet.  15.  Sleet- showers:  cloudy:  sleet.  16.  Sleet-showers:  sleet. 
17.  Sleet-showers :  snow.  18.  Snow-showers:  snow  •  cloudy.  19.  Snow  :  clear. 
20.  Snow  :  clear  :  snow  :  cloudy.  21.  Snow-drift :  thaw  :  clear.  22.  Cloudy. 
23,  24.  Bright :  clear.  25.  Rain  :  damp  :  clear.  26.  Showers.  27.  Showers : 
clear.  28.  Clear.  29.  Showers:  cloudy.  30.  Clear:  cloudy.  31.  Snow- 
showers:  cloudy. 

Applegarth  Manse,  Dumfries-shire. — March  1.  Fine  till  10:  p.m.  rain.  2. 
Heavy  showers  p.m.  3.  Heavy  rain  all  day.  4.  Heavy  rain  all  day  :  flood.  5. 
Very  fine.  6.  Showers.  7.  Showers :  hail:  frost.  8.  Hoarfrost.  9.  Slight 
showers.  10,11,  12.  Fine:  fair.  13.  Wet  a.m.  14.  Heavy  rain  a.m.  15. 
Rain  p.m.  16.  Showers :  hail :  sleet :  rain.  17.  Hard  frost.  18.  Frost:  snow- 
showers.  19.  Hard  frost:  clear.  20.  Hard  frost.  21.  Frost:  snow  :  hail : 
rain :  thunder.  22.  Rain:  hail.  23.  Slight  drizzle  :  hail.  24.  Showers.  25. 
Wet  a.m.  :  cleared.  26.  Hoar  frost :  drops.  27.  Showers  :  bail.  28.  Hail  : 
rain.     29.  Frost :  clear  and  fine.     30.   Frost:  clear :  cloudy.     31.   Frost. 

Mean  temperature  of  the  month      42°-2 

Mean  temperature  of  March  1845  36  '3 

Mean  temperature  of  March  for  23  years  39  *0 

Mean  rain  in  March  for  18  years    •....,...  2  '35  inches. 
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LXX.  Researches  on  the  Functions  of  Plants,  with  a  view  of 
showing  that  they  obey  the  Physical  Laws  of  Diffusion  in  the 
Absorption  and  Evolution  of  Gases  by  their  Leaves  and 
Hoots.  By  D.  P.  Gardner,  M.D.,  Member  of  the  Lyceum 
of  Natural  History,  fyc.  * 

1.  ][   CONCEIVE  a  plant  to  be  a  porous  system,  contain- 

-*•  ing  an  internal  mixture  of  gases,  or  plant  atmosphere, 
and  lying  in  contact  with  common  air  on  the  one  side,  and 
with  the  gases  dissolved  in  the  fluid  of  the  soil  on  the  other. 
My  object  in  the  following  remarks  is  to  show  that  the  plant 
atmosphere  is  of  a  fluctuating  nature,  and  depends  on  the 
chemical  action  taking  place ;  and  that  whatever  gases  are 
absorbed  or  evolved  by  leaves  or  roots,  depend  upon  the  nature 
of  the  internal  atmosphere  at  the  time.  To  place  the  evidence 
of  these  conclusions  before  the  reader,  I  propose  to  examine 
the  subject  under  five  heads : — 

1st.  The  epidermis  or  bounding  membrane  of  plants  is  po- 
rous. 

2nd.  The  constitution  of  the  internal  gas  of  plants. 

3rd.  The  action  of  roots  on  the  gases  of  the  soil-fluid. 

4th.  The  absorption  of  gases  by  plants  is  a  consequence  of 
their  porosity. 

5th.  The  action  of  plants  on  artificial  atmospheres. 


I.   The  Epidermis  or  Bounding  Membrane  of  Plants  is  Porous. 

2.  The  object  in  this  place  is  to  show,  that  the  epidermis  is 
not  merely  capable  of  transmitting  particular  gases,  but  that 
it  obeys  all  the  laws  of  a  porous  system.  If  this  be  found  true 
for  the  bounding  membrane,  it  will  necessarily  be  true  for  the 
internal  cellular  structure. 

*  Communicated  by  the  Author. 
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3.  Experiments  were  planned  for  the  purpose  of  determi- 
ning whether  carbonic  acid  would  penetrate  into  a  vessel  con- 
taining common  air  through  a  barrier  of  vegetable  epidermis, 
and  secondly,  whether  an  inclosed  mixture  of  gases  of  a  theo- 
retical composition  would  solicit  the  passage  of  both  carbonic 
acid  and  oxygen,  and  at  the  same  time  evolve  nitrogen. 

4.  A  tube,  five  inches  long  and  a  third  of  an  inch  in  bore, 
with  a  flattened  and  ground  end,  was  closed  by  a  piece  of 
epidermis  obtained  from  the  leaf  of  the  Madeira  vine  (Basella 
lucida).  The  tube  was  then  immersed  in  a  mercurial  trough 
and  filled  to  within  an  inch  of  the  membrane ;  on  suspending 
it  by  a  wire  it  did  not  leak,  though  there  was  a  pressure  of 
three  inches  of  mercury.  Clear  lime-water  was  admitted  to 
displace  the  mercury,  and  the  arrangement  covered  by  a  small 
bell-jar  containing  atmospheric  air  with  10  per  cent,  carbonic 
acid.  In  five  hours  the  lime-water  exhibited  a  distinct  pel- 
licle of  carbonate  of  lime.  The  same  result  was  obtained  in 
more  or  less  time  with  the  epidermis  of  the  cabbage,  Alanthus 
alata,  Chenopodium  alburn^  and  several  species  ofSedum.  Some 
specimens,  as  that  from  the  balsam,  leaked  so  fast  as  not  to 
sustain  any  mercurial  column,  whilst  others  maintained  four 
inches  for  thirty  hours  and  more. 

5.  A  similar  tube  was  closed  with  epidermis,  and  contained 
an  atmosphere  of  nitrogen  87,  oxygen  13  per  cent,  over  mer- 
cury, and  was  covered  with  a  bell-jar  as  above.  The  included 
volume  increased  during  nine  hours  from  400  to  433  mea- 
sures, and  on  analysis  consisted  of  N  76,  O  17,  0O2  7  per  cent. 
Hence  the  membrane  comported  itself  as  a  simple  porous 
tissue,  allowing  nitrogen  to  pass  out  and  admitting  oxygen 
and  carbonic  acid.  This  experiment  was  also  repeated  with 
the  foregoing  specimens  of  epidermis,  and  no  absolute  varia- 
tion perceived. 

II.   The  Constitution  of  the  Internal  Gas  of  Plants. 

6.  The  observations  hitherto  made  on  the  included  gases 
of  plants  by  Davy,  Payen,  Calvert  and  Ferrand,  and  others, 
cannot  be  quoted  here,  because  the  disturbing  effects  of  light 
and  other  causes  have  not  been  sufficiently  considered.  It  is 
not  merely  the  gas  of  a  cavity  which  is  required,  but  the  com- 
position of  that  which  permeates  the  interior  during  the  vigo- 
rous state  of  the  vegetable  in  sun-light. 

7.  For  the  purpose  of  obtaining  this,  I  transplanted  in  the 
May  of  184-5  a  number  of  plants  of  Datura  stramonium  and  of 
"blue  grass  (Poa  pratensis)  into  tumblers,  and  allowed  them  to 
grow  for  several  weeks  before  use.  Having  completed  my 
arrangements  for  analysing  minutequantitiesof  gas  by  asliding- 
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rod  eudiometer,  I  proceeded  as  follows: — The  plants  when 
wanted  were  obtained  in  a  perfect  state  by  immersing  the 
tumbler  in  a  tub  of  water,  and  removing  the  garden-mould  by 
agitating  the  fluid;  they  were  thus  procured  without  the 
slightest  mutilation.  The  plant  was  then  transferred  to  a 
convenient  pneumatic  trough,  closed  from  adherent  air  and 
broken  under  a  small  receiver.  This  was  done  uniformly  at 
11  o'clock  a.m.  and  as  quickly  as  possible;  the  gas  was  im- 
mediately analysed. 

8.  Binoxide  of  nitrogen  was  the  only  substance  which  could 
be  used  to  estimate  the  oxygen,  and  if  properly  prepared,  is, 
in  my  experience,  equal  to  the  most  intricate  apparatus.  Thus, 
in  twenty-five  analyses  of  air,  made  as  test  experiments  of  the 
excellence  of  my  measures,  there  was  obtained  a  mean  of 
20*83  per  cent,  oxygen,  from  which  there  never  was  a  varia- 
tion of  0*2  per  cent. ;  this  result  closely  coincides  with  that 
obtained  in  the  elaborate  researches  of  Dumas  and  Boussin- 
gault,  i.  e.  21*8  per  cent. 

9.  Six  analyses  of  the  internal  gas  of  Datura  gave  a  mean 
of  N  87*5,  O  12*5  per  cent,  without  any  carbonic  acid. 

Four  analyses  of  the  gas  from  grass  gave  a  mean  of  N  86*1, 
O  13*9  per  cent,  without  carbonic  acid.  This  result  closely 
approximates  to  the  measure  published  by  Dr.  Draper  in  the 
Philosophical  Magazine  for  the  gas  drawn  by  the  air-pump 
from  grass. 

The  mean  of  all  the  observations  is  N  86*75,  O  13*25  per 
cent. ;  and  this  I  assume  as  the  normal  or  plant  atmosphere 
of  the  green  parts  at  11  to  12  o'clock  a.m.,  during  vigorous 
existence  in  the  presence  of  bright  diffused  light  in  summer. 

10.  It  is  distinctly  to  be  understood  that  this  conditionally 
normal  atmosphere  is  perpetually  changing,  and  is  true  only 
for  the  time  and  place.  In  the  preparatory  examination  of 
this  subject,  I  obtained  measures  of  the  internal  gas  consisting 
of  N  84*6,  O  13*0,  C022*4  per  cent.,  but  overlooked  the  cir- 
cumstances. Messrs.  Calvert  and  Ferrand  {Ann.  de  Ch.f  fyc, 
Aout  1844)  found  that  carbonic  acid  was  always  present  at 
night,  and  give  as  the  composition  of  the  gas  from  the  hollow 
stems  of  Phytolacca  decandra  at  night,  N  76*4,  020*6,  C02 
0*3  per  cent. 

III.  The  Action  of  Roots  on  the  Gases  of  the  Soil-Fluid. 

1 1 .  There  are  no  observations  on  the  action  of  roots  known 
to  me,  except  those  of  DeCandolle  (Phys.  Veg.  t.  i.  p.  248), 
who  asserts  that  uninjured  roots  exhale  no  gas,  either  in  light 
or  darkness.  Most  physiologists  infer,  that  whatever  gases 
exist  in  the  soil-fluid  are  absorbed  therewith ;  but  this  is  an 
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unphilosophical  view,  for  it  leaves  out  of  consideration  the  ca- 
pacity of  the  sap  to  absorb  them  and  its  condition  as  to  gaseous 
saturation.  In  making  experiments  on  the  subject,  it  is  also 
necessary  to  consider  the  functions  of  the  plant. 

12.  On  the  25th  of  June  1844,  I  commenced  a  series  of 
observations  to  determine  the  action  of  uninjured  roots  of 
Datura  and  blue  grass  on  the  gas  dissolved  in  pump-water, 
which  accurately  represents  the  soil-fluid.  The  plants  were 
obtained  as  detailed  in  section  7;  they  were  placed  in  vessels 
resembling  a  bird-fountain,  which  were  capable  of  being  re- 
plenished with  water  to  compensate  for  the  evaporation  of  the 
leaves,  and  also  of  collecting  any  gas  passing  from  the  roots. 
Three  sets  of  experiments  were  made :  A,  the  roots  and  leaves 
were  placed  in  darkness ;  B,  both  portions  were  exposed  to 
bright  diffused  light;  C,  the  leaves  were  illuminated,  but  the 
roots  in  darkness. 

13.  On  the  evening  of  the  25th  of  June,  two  sets  of  plants 
were  arranged  according  to  these  plans.  The  Daturas,  B, 
yielded  the  next  morning  at  11,  a  gas  the  composition  of 
which  was  N  96*6,  O  3*4  percent.;  these  two  plants  were 
then  placed  in  a  dark  cupboard  for  thirty-six  hours  and  evolved 
no  gas  whatever;  on  again  exposing  them  to  light,  they  pro- 
duced a  mixture  of  N  96*2,  O  3*8  per  cent,  as  the  mean  of  six 
analyses.  The  grass  plants,  B,  gave  off  but  little  gas,  and 
only  enough  was  collected  for  two  measures,  which  yielded  a 
mean  of  N  96,  O  4  per  cent. 

The  plants  C  conducted  themselves  in  the  same  way  as  B ; 
the  Daturas  gave  gas  for  six  analyses,  the  mean  of  which  was 
N  96-5,  O  3*5  per  cent. 

The  plants  A,  placed  in  darkness,  gave  no  gas  whatever, 
although  they  were  attended  to  for  five  days. 

14.  We  conclude  that  roots  appear  to  evolve  gas  unequally 
in  quantity;  that  the  action  of  light  on  the  leaves  is  essential 
to  this  phenomenon  ;  and  thirdly,  it,  the  exposure  of  the  root, 
does  not  seem  to  have  any  effect  on  the  result.  I  do  not  be- 
lieve that  the  gas  is  evolved  from  the  interior  of  the  plant,  but 
that  the  roots  disturb  the  equilibrium  of  the  mixture  in  the 
water,  so  that  all  the  carbonic  acid  is  withdrawn  and  most  of 
the  oxygen,  leaving  behind  the  sparingly  soluble  nitrogen, 
which  acquires  the  elastic  condition.  That  this  gaseous  dis- 
turbance was  not  a  mechanical  effect  of  light  and  heat,  I  sa- 
tisfied myself  by  observations  at  the  time ;  and  the  results  of 
Prof.  Morren  (Ann.  de  Chimie,  Src,  Sept.  1844)  show  that  the 
sun's  light  liberates  carbonic  acid  and  nitrogen,  accumulating 
oxygen  in  the  water,  which  is  opposed  to  the  effects  here  ob- 
served. 
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15.  The  gas  of  the  pump-water  was  N  48,  O  22,  C02  30 
per  cent.,  therefore  the  roots  absorbed  carbonic  acid  and  oxy- 
gen in  the  same  way  as  a  porous  system  containing  the  nor- 
mal plant  atmosphere,  N  86*75,  O  13*25  per  cent.;  this  con- 
tinued during  daylight,  or  during  the  activity  of  the  vegetable, 
but  in  darkness  all  the  gas  of  the  water  is  taken  up  without 
any  selection. 

IV.  The  Absorption  of  Gases  by  Plants  is  a  consequence  of 
their  Porosity. 

16.  We  are  now  in  possession  of  sufficient  data  to  state  the 
case.  A  porous  system  lies  between  two  media  and  contains 
a  certain  mixture  of  gases ;  the  gases  of  the  three  systems  are 

The  air.  The  plant. gas.      The  water-gas. 

Carbonic  acid     .       0*05  0-00  30'00 

Oxygen     .     .     .     20*80  13*25  22*00 

Nitrogen  .     .     .     79*15  86*75  4800 

100*00  100*00  100*00 

If  the  plant-gas  were  confined  within  an  extremely  delicate 
caoutchouc  bag  and  surrounded  by  either  atmosphere,  it  would 
soon  be  disturbed  by  penetration,  nitrogen  would  be  evolved, 
and  carbonic  acid  and  oxygen  absorbed.  The  rapidity  of  the 
interchange  would  depend  on  the  gas  and  the  nature  of  the 
membrane. 

17.  That  the  action  of  roots  on  the  water-gas  is  coincident 
with  this  theoretical  view,  I  have  attempted  to  show  in  the 
last  division  of  the  subject.  The  experiments  detailed  in 
article  5  were  also  made  with  this  object.  It  must  be  re- 
membered that  the  operation  of  the  plant  atmosphere  upon 
the  gases  of  the  soil  is  not  direct,  as  in  the  leaves,  but  through 
the  intervention  of  the  sap,  which  contains  a  mixture  of  gases 
dependent  upon  those  of  the  interior  of  the  plant,  but  has  a 
greater  capacity  for  carbonic  acid  and  oxygen  than  for  nitro- 
gen. 

18.  In  the  case  of  leaves,  the  physical  theory  of  porosity  is 
more  strikingly  made  out,  because  the  internal  gas  is  here  in 
contact  with  atmospheric  air,  the  epidermis  only  lying  be- 
tween. The  movements  witnessed  in  the  experiments  of  art. 
5,  represent  those  of  a  vigorous  plant  in  sun-light;  carbonic 
acid  and  oxygen  are  absorbed  and  nitrogen  evolved.  It  is  not 
uniformly  admitted  that  oxygen  is  absorbed  and  nitrogen 
evolved  in  plants,  but  an  investigation  of  this  point  leaves  us 
under  the  conviction  that  the  negative  is  untenable.  Saussure, 
DeCandolle,  Palmer,  Daubeny,  Draper  and  others  have  wit- 
nessed the  evolution  of  nitrogen.  The  continued  absorption 
of  oxygen  is  confirmed  by  Saussure,  Davy,  Gough,  Achard, 
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Scheele,  Cruickshank  and  others.  Gough's  interesting  ob- 
servation, that  plants  grown  in  darkness  do  not  become  green 
in  light  unless  oxygen  be  present,  is  accounted  for  by  the 
fact  that  chlorophylle  is  an  oxidized  product. 

19.  The  movements  occurring  during  light  owe  their  con- 
tinuance to  its  action.  The  gases  absorbed  are  destined  to 
equilibrate  the  internal  atmosphere,  but  cannot  effect  this  ob- 
ject so  long  as  carbon  and  oxygen  are  fixed  by  the  plant. 
Hence  the  current  becomes  continuous  during  daylight,  the 
oxygen  and  carbon  being  removed  faster  than  they  penetrate. 

20.  But  during  darkness  the  stream  is  arrested,  carbonic 
acid  is  no  longer  drawn  from  the  air,  but  often  evolved,  as  ob- 
served by  Ingenhousz  and  Saussure.  Oxygen  is  for  a  time 
required  to  satisfy  chemical  affinities,  and  afterwards  the  in- 
ternal gas  resembles  atmospheric  air ;  20'6  per  cent,  oxygen 
is  found,  and  amounts  of  nitrogen  and  carbonic  acid  differing 
with  the  nature  of  the  soil-fluid,  the  latter  gas  sometimes  rising 
to  3  per  cent.,  when  it  is  evolved ;  and  at  others  not  attaining 
a  proportion  much  higher  than  that  of  the  air,  when  it  is  not 
thrown  off  during  night,  as  shown  by  Mr.  Pepys. 

21.  It  is  the  decomposition  of  the  carbonic  acid  within  the 
plant  by  the  early  sun-beams  which  creates  the  absorption 
from  without  by  deranging  the  internal  atmosphere.  Car- 
bonic acid  being  decomposed,  a  temporary  excess  of  oxygen 
is  produced,  which  causes  a  portion  to  pass  outwards;  but  in 
preparing  the  plant  for  examination,  any  excess  of  this  body 
seems  to  have  been  removed,  so  that  it  is  probable  that  in  the 
living  organism  oxygen  gas  is  a  much  more  important  element 
than  is  usually  admitted  by  physiologists. 

V.  The  Action  of  Plants  on  Artificial  Atmospheres. 

22.  To  show  beyond  a  doubt  that  the  penetration  of  gases 
into  plants  is  a  physical  and  not  vital  process,  we  adduce  the 
effects  of  artificial  atmospheres.  In  these  experiments  the 
gases  given  out  and  absorbed  are  not  of  a  definite  mixture, 
but  depend  altogether  on  diffusion. 

23.  M.  Marcet  placed  the  same  fungi  in  atmospheres  of 
common  air,  oxygen,  and  nitrogen;  and  after  eight  to  ten 
hours  they  changed  100  measures  of — 

into  Oxygen  .  .  . 
Nitrogen  .  .  . 
Carbonic  acid     . 

100-0  100*0  100-0 

without    alteration  of  volume  (Ann.  de  Chimie,  tyc,  t.  lviii. 


Air. 

Oxygen. 

Nitrogen. 

2-0 

31-3 

o-o 

77-0 

24-0 

96'1 

21-0 

44-7 

3-9 
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p.  407).  It  is  evident  the  normal  atmosphere  of  these  fungi 
contained  an  excess  of  nitrogen  and  carbonic  acid.  Th. 
de  Saussure  found  that  seeds  germinating  in  air  absorbed 
nitrogen,  but  when  placed  in  a  mixture  of  N  50,  O  50,  they 
no  longer  did  so  {Mem.  de  la  Soc.  de  Geneve,  t.  vi.  p.  545). 

24.  By  overlooking  the  laws  of  penetration,  DeCandolle, 
Saussure,  Ingenhousz,  and  Plenk  are  thrown  into  contradic- 
tory positions  in  their  experiments  on  the  action  of  the  green 
parts  of  plants  on  artificial  atmospheres.  Thus  DeCandolle 
(Phys.  Veg.  t.  i.  p.  133),  "Les  parties  verts  laissent  moins  de 
gas  oxigene  dans  le  gas  bydrogene  que  dans  le  gas  azote; 
elles  ne  paraissent,  contre  1'assertion  d'Ingenhousz,  absorber 
ni  l'un  ni  l'autre.  II  parait  aussi  certain,  malgre  l'assertion 
de  Plenk,  qu'elles  n'exhalent  point  de  gas  azote,  sauf  dans 
quelques  cas,  par  les  corolles." 

25.  In  the  summer  of  1844  I  tested  this  question  by  placing 
some  specimens  of  the  Conferva  mucosa  in  pump-water  and  in 
carbonated  water,  and  allowing  them  to  act  for  several  days 
on  the  same  water,  l'emoving  each  day  the  gas  generated  du- 
ring light;  the  plants  were  therefore  subjected  in  their  natural 
medium  to  different  mixtures  of  gases  dissolved  in  the  fluid. 
The  result  was,  that  the  plants  in  pump-water  gave  in  six 
hours  a  gas  consisting  of  O  73,  N  27  per  cent. ;  in  twenty- 
four  hours,  O  53,  N  47  per  cent.;  in  forty-eight  hours, 
O  18 '6,  N  81*4  per  cent.  In  carbonated  water,  in  six  hours, 
O  68  per  cent. ;  in  twenty-four  hours,  O  63  per  cent. ;  in 
forty-eight  hours,  O  12,  N  88  per  cent.;  in  seventy-two 
hours,  O  3*5,  N  96*5  per  cent.  And  these  plants  continued 
healthy  and  acted  as  before  when  fresh  water  was  added. 

26.  Conclusion.  —  From  the  preceding  evidence  I  infer  that 
plants  constitute  a  simple  porous  system.  The  advantages 
resulting  from  this  philosophical  view  of  vegetation,  both  in 
assimilating  facts  hitherto  insulated  and  in  criticising  experi- 
mental arrangements  in  vegetable  physiology,  constitute  its 
chief  recommendation.  For  illustration,  we  adduce  two  ge- 
neral laws  springing  from  this  theory: — 1st.  No  hypothesis 
nor  argument  can  be  based  on  the  composition  of  the  gases 
expired  by  plants  without  the  strictest  regard  to  the  disturb- 
ing influence  of  light,  the  gases  of  the  soil-fluid.  2ndly.  No 
experiments  on  the  action  of  plants  in  sun-light  can  be  ac- 
cepted in  determining  the  functions  of  leaves  unless  made  in 
atmospheric  air. 

27.  Finally,  I  beg  to  present  the  following  summary  of 
conclusions  as  fairly  deducible  from  the  preceding  experi- 
ments:— 
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1.  The  epidermis  of  plants,  so  far  as  experiments  have 
been  made,  is  porous,  and  permits  the  passage  of  gases  ac- 
cording to  physical  laws. 

2.  The  roots,  during  the  existence  of  chemical  changes  in 
plants,  absorb  such  gases  from  the  soil-fluids  as  will  indi- 
rectly satisfy  the  requisitions  of  the  internal  atmosphere. 

3.  The  internal  gas  of  plants  fluctuates  with  the  forces 
which  operate  on  the  plant;  during  the  active  state  of  the 
green  vegetable,  it  resembles  a  mixture  of  nitrogen  86*75, 
oxygen  13*25  per  cent.,  but  at  night  contains  more  oxygen 
and  a  proportion  of  carbonic  acid. 

4.  The  porosity  of  the  entire  plant  is  fully  established  by 
its  action  on  artificial  atmospheres. 

Therefore  the  physical  structure  of  plants  is  that  of  a  po- 
rous system  subject  to  the  laws  of  diffusion  of  gases,  and 
endowed  with  no  vitality  other  than  the  power  of  forming  cy- 
toblasts  and  arranging  cellules  after  a  definite  type. 


LXXI.  On  the  relation  of  Ozone  to  Hyponitric  Acid. 
By  Dr.  C.  F.  Schosnbein  *. 

nPHE  chemical  effects  produced  by  atmospheric  air  charged 
-*-  with  hyponitric  acid  (N04)  are  so  very  like  those 
caused  by  ozonized  air,  that  some  chemists  are  inclined  to 
consider  hyponitric  acid  as  identical  with  ozone.  Both  de- 
compose iodide  of  potassium,  transform  the  yellow  prussiate 
of  potash  into  the  red  one,  decompose  sulphuretted  hydrogen, 
colour  blue  the  resin  of  guaiacum,  destroy  organic  colouring 
matters,  polarize  negatively  platinum,  &c. 

In  spite  of  the  similarity  of  chemical  properties  exhibited 
by  ozone  and  hyponitric  acid,  those  substances  are  in  many 
other  respects  so  entirely  different  that  their  being  identical 
cannot  be  thought  of:  thus  ozone  is  produced  under  circum- 
stances in  which  an  essential  constituent  part  of  hyponitric 
acid  is  absent,  namely  nitrogen.  The  analogy  existing  be- 
tween the  chemical  action  of  the  two  bodies  mentioned  appears 
however  so  striking,  that  we  can  hardly  help  suspecting  some 
connexion  to  exist  between  them,  and  with  the  view  of  ascer- 
taining that  connexion  I  have  of  late  made  many  experiments, 
the  account  of  which  will  form  the  substance  of  this  paper. 

The  results  obtained  from  these  researches  are,  in  my  opi- 
nion, such  as  to  speak  strongly  in  favour  of  my  conjecture 
that  there  exists  a  compound  composed  of  NOa  +  H02.     It 

*  Communicated  by  the  Chemical  Society;  having  been  read  November 
3,  1845. 
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appears  to  me  probable  that  besides  hydrate  of  nitric  acid  a 
peroxide  of  nitrogen  and  hydrogen  is  formed  when  water  acts 
upon  hyponitric  acid.  Agreeably  to  my  view,  the  presence 
ofN02-f  H02,  in  the  acid  mixture,  is  the  cause  why  the 
latter  decomposes  iodide  of  potassium,  &c. 

I  think  it  cannot  be  denied  that  aqueous  vapour  will  act 
upon  vaporous  hyponitric  acid  as  liquid  water  does  upon  the 
liquid  acid.  Such  being  the  case,  and  supposing  that  in  the 
latter  case  two  compounds  of  the  formulas  N04  +  H02  and 
N02  +  H02  are  produced,  it  must  then  be  admitted  also  that 
the  same  compounds  are  formed  when  the  vapours  of  hypo- 
nitric acid  are  mixed  with  moist  atmospheric  air.  Now  if  the 
peroxide  of  nitrogen  and  hydrogen  (thefirstof  thesecompounds) 
should  happen  to  be  a  volatile  substance,  it  follows  further 
that  in  a  bottle  containing  moist  air,  to  which  vapour  of  hypo- 
nitric acid  had  been  added,  an  atmosphere  must  be  produced 
containing  some  N02-fH02,  and  possessing  the  property  of 
causing  the  reactions  above  mentioned.  The  peroxide  of 
hydrogen  contained  in  N02  +  H02  would  be  the  oxidizing 
agent,  decomposing  e.  g.  iodide  of  potassium,  &c. 

For  various  reasons  I  am  inclined  to  consider  ozone  as 
H02,  i.  e.  a  compound  isomeric  with  Thenard's  peroxide  of 
hydrogen.  Now  if  this  conjecture  should  be  true,  and  if  there 
should  exist  a  compound  of  N02  +  H02,  moist  atmospheric 
air  being  charged  with  vapour  of  hyponitric  acid  would  owe 
its  reactions  to  the  presence  of  ozone.  How  far  such  a  con- 
jecture is  founded  upon  facts,  the  experiments  I  am  about  to 
detail  will  show. 

If  a  piece  of  carbonate  of  ammonia,  having  been  strongly 
ozonized  by  the  means  of  phosphorus,  is  suspended  in  atmo- 
spheric air  until  the  latter  be  so  charged  with  ammoniacal 
vapours  as  rapidly  to  restore  the  blue  colour  of  reddened 
litmus  paper,  that  atmosphere  continues  to  enjoy  bleaching 
powers,  decomposes  iodide  of  potassium,  colours  blue  the  paste 
of  starch  containing  that  salt,  transforms  the  yellow  prussiate  of 
potash  into  the  red  one,  colours  the  resin  of  guaiacum  blue,  dis- 
charges the  colour  of  sulphuretof  lead ;  continues,  in  one  word, 
to  possess  all  the  properties  belonging  to  ozone.  Hence  it 
follows  that  ozone  is  capable  of  co-existing  with  the  vapours 
of  carbonate  of  ammonia  without  suffering  decomposition  ;  and 
I  have  ascertained  that  pure  ammonia  also  does  not  perceptibly 
destroy  ozone.  Now  if  there  exists  N02-f  H02,  we  may  pre- 
sume from  its  constitution  that  it  will  likewise  be  able  to  co- 
exist with  the  vapours  of  the  carbonate  of  ammonia,  N02  being 
of  itself  inactive  towards  ammonia. 

Hyponitric  acid,  or  red  fuming  nitric  acid,  was  gradually 
mixed  up  with  so  much  water  as  to  obtain  a  colourless  liquid. 
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The  bottom  of  a  spacious  bottle  was  covered  with  this  mix- 
ture, and  then  a  large  piece  of  carbonate  of  ammonia  suspended 
within  the  vessel.  After  the  atmosphere,  standing  over  the 
acid  liquid,  had  assumed  the  power  of  colouring  rapidly  blue 
a  strip  of  reddened  litmus  paper,  it  continued  to  possess  the 
following  properties : — 

1.  Strips  of  paper  charged  with  paste  of  starch  containing 
some  iodide  of  potassium  were  coloured  blue. 

2.  Strips  of  paper  drenched  with  an  alcoholic  solution  of 
guaiacum  assumed  a  blue  colour. 

3.  Strips  of  paper  coloured  blue  by  a  solution  of  indigo 
turned  white. 

4.  Strips  of  paper  to  which  sulphuret  of  lead  had  been  at- 
tached, by  means  of  nitrate  of  lead  and  sulphuretted  hydrogen, 
gradually  turned  white. 

5.  Strips  of  paper  charged  with  a  solution  of  the  common 
prussiate  of  potash  became  deeply  yellow. 

6.  Crystals  of  the  yellow  prussiate,  after  having  been  sus- 
pended for  twenty-four  hours  within  this  atmosphere,  were 
covered  with  a  crust  of  the  red  sesqui-ferrocyanuret  of  potas- 
sium. 

From  the  facts  just  stated,  it  appears  that  the  atmosphere 
in  question  acts  exactly  in  the  same  way  as  ozonized  air  does, 
and  from  the  circumstances  under  which  those  reactions  took 
place,  it  follows  that  the  latter  could  not  proceed  from  free 
hyponitric  or  nitrous  acid,  these  acids  not  being  able  to  co- 
exist in  a  state  of  isolation  with  the  vapours  of  carbonate  of 
ammonia.  We  must  therefore  conclude  from  these  facts,  that 
there  was  a  principle  present,  in  the  atmosphere  mentioned, 
which  acted  after  the  manner  of  ozone,  and  conducted  itself, 
in  spite  of  the  presence  of  ammoniacal  vapour,  as  a  highly 
oxidizing  agent. 

But  if  neither  free  hyponitric  nor  nitrous  acid  were  the 
cause  of  the  reactions  mentioned,  nor  nitrite  of  ammonia,  what 
then  is  the  substance  to  which  the  oxidizing  powers  are  to  be 
ascribed  ?  I  can  answer  that  question  only  by  supposing  that 
the  peroxide  of  nitrogen  and  hydrogen  is  that  agent.  Before 
passing  to  another  subject,  I  take  the  liberty  to  mention  a 
circumstance  which  seems  to  bear  upon  the  matter  in  ques- 
tion, and  merit  some  attention.  On  breathing  strongly  ozo- 
nized air  three  or  four  times,  a  disagreeable  and  strangling 
sensation  will  be  experienced  near  the  throat  and  in  the  chest. 
This  sensation  is  very  similar  to  that  caused  by  inhaling  air 
which  has  stood  for  some  time  over  a  mixture  of  hyponitric 
acid  and  water,  and  this  is  the  case  even  if  the  air  happens 
to  be  charged  with  ammoniacal  vapours.  We  observe  also 
in  such  an  atmosphere  a  peculiar  and  disagreeable  odour, 
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which  is  similar  to  that  of  common  aquafortis,  and  slightly 
analogous  to  the  smell  of  chlorine.  It  is  likely  that  the  odour 
mentioned  belongs  to  the  vapour  of  our  supposed  peroxide 
of  nitrogen  and  hydrogen,  and  that  it  is  that  compound  which, 
if  inhaled,  causes  the  sensation  before  mentioned.  With  re- 
gard to  the  subject  under  discussion,  it  seems  to  me  that  the 
way  in  which  the  mixture,  formed  from  hyponitric  acid  and 
water,  acts  upon  a  solution  of  the  yellow  prussiate  of  potash, 
offers  peculiar  interest. 

My  experiments  having  demonstrated  that  the  salt  just 
mentioned  (be  it  solid  or  dissolved  in  water)  is  readily  trans- 
formed into  the  red  cyanuret  by  ozone,  and  considering  the 
acid  mixture  before  alluded  to  as  an  aqueous  solution  of  nitric 
acid  and  peroxide  of  nitrogen  and  hydrogen,  what  must  happen 
if  that  mixture  be  put  together  with  a  solution  of  the  yellow 
prussiate  of  potash  ?  Supposing  1  equiv.  of  the  said  peroxide 
and  1  equiv.  of  nitric  acid  in  the  acid  mixture  to  act  upon  2 
equiv.  of  the  yellow  cyanuret,  we  must  obtain  from  such  a  re- 
action 1  equiv.  of  nitrate  of  potash,  1  equiv.  of  the  red  sesqui- 
ferrocyanuret  of  potassium,  1  equiv.  of  deutoxide  of  nitrogen, 
and  2  equiv.  of  water,  for 

(N04  +  H02)  +  (N02+H02)  +  2(2PCy  +  FeCy)  =  PON06 
+  (3PCy  +  Fe2Cy3)  +  N02  +  2HO. 

If  a  glass  tube,  open  at  one  end,  be  half-filled  with  our  acid 
mixture  and  half  with  a  dilute  solution  of  the  yellow  prussiate, 
on  mixing  the  liquids  together  a  lively  disengagement  of  gas 
takes  place ;  and  if  the  open  end  of  the  tube  be  put  into  a  ves- 
sel holding  water,  a  colourless  gas  will  fill  the  upper  part  of 
the  tube.  On  adding  oxygen  or  atmospheric  air  to  the  gas 
disengaged  under  the  circumstances  mentioned,  the  latter  will 
turn  brownish  red  and  exhibit  all  the  properties  of  deutoxide 
of  nitrogen.  As  soon  as  the  acid  mixture  comes  in  contact 
with  the  nearly  colourless  solution  of  the  common  prussiate  of 
potash,  the  latter  turns  deeply  yellow,  and  it  is  very  easy  to 
ascertain  that  the  coloured  fluid  contains  nitrate  of  potash, 
sesqui-ferrocyanuret  of  potassium,  and  no  trace  of  the  yellow 
prussiate,  provided  a  sufficient  quantity  of  the  acid  mixture 
had  been  employed.  The  reactions  indicated  are  therefore 
such  as  they  ought  to  be,  if,  according  to  our  supposition,  the 
acid  mixture  contains  nitric  acid  and  peroxide  of  nitrogen  and 
hydrogen.  I  need  hardly  say  that  the  disengagement  of  deut- 
oxide of  nitrogen  and  the  transformation  of  the  yellow  cya- 
nuret into  the  red  one,  which  take  place  under  the  circum- 
stances mentioned,  cannot  originate  in  the  nitric  acid  contained 
in  the  acid  mixture,  for  it  is  well  known  that  dilute  pure  nitric 
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acid  does  not  give  rise  to  the  reactions  described.  The  cause 
of  those  effects  must  therefore  be  sought  in  another  substance, 
and  both  hyponitric  and  nitrous  acid  not  being  able  to  co- 
exist with  free  water,  we  are  not  allowed  to  consider  either 
the  one  or  the  other  of  those  acids  as  that  cause.  As  I  have 
already  remarked,  the  reactions  in  question  can,  according  to 
my  opinion,  only  be  accounted  for  in  a  satisfactory  manner 
by  admitting  the  presence  of  N02  +  H02  in  the  acid  mixture 
so  often  mentioned.  My  experiments  have  further  shown 
that  iodide  of  potassium,  be  it  solid  or  dissolved  in  water,  is 
readily  decomposed  by  ozone,  iodine  being  eliminated.  In 
putting  our  acid  mixture  to  a  solution  of  the  salt  mentioned, 
deutoxide  of  nitrogen  is  abundantly  disengaged,  iodine  preci- 
pitated, and  nitrate  of  potash  formed.  As  pure  nitric  acid 
containing  as  much  water  as  the  said  acid  mixture,  does  not 
act  upon  the  solution  of  iodide  of  potassium,  it  cannot  be  the 
nitric  acid  of  our  mixture  that  causes  those  phsenomena,  nor 
can  they,  from  reasons  already  stated,  proceed  from  hypo- 
nitric or  nitrous  acids. 

If  we  admit  that  there  is,  besides  nitric  acid,  some  N02 
+  H02  present  in  the  acid  mixture,  I  think  we  may  easily 
account  for  those  reactions.  H02  oxidizes  the  potassium  of 
the  iodide,  nitric  acid  unites  with  the  base  thus  formed,  and 
NOa  is  set  free. 

(N04  +  H02)  +  (NO,  +  H02)  +  PI  =  PO  N05  (P02  N04) 

+  I  +  N02  +  HO. 

The  facts  I  am  about  to  state  are  most  likely  also  connected 
with  the  subject  under  discussion. 

Largely  diluted  pure  nitric  acid,  not  colouring  in  the  least 
paste  of  starch  containing  chemically  pure  iodide  of  potassium, 
when  put  for  a  short  time  in  contact  with  a  number  of  metals, 
as  zinc,  iron,  lead,  copper,  mercury,  silver,  &c,  acquires  the 
property — 1.  To  colour  deeply  blue  the  paste  mentioned. 
2.  To  transform  the  yellow  cyanuret  into  the  red  one.  3.  To 
colour  blue  the  resin  of  guaiacum.  4.  To  decompose  sul- 
phui'etted  hydrogen,  &c. 

Tin  is  an  exception  to  the  rule,  for  however  long  dilute 
nitric  acid  may  have  been  in  contact  with  that  metal,  it  does 
not  cause  the  reactions  indicated.  On  the  contrary,  an  acid 
having  the  properties  mentioned,  loses  them  when  mixed  in 
proper  quantities  with  dilute  nitric  acid  which  has  been  in 
contact  with  tin.  The  latter  acid  has  also  the  power  of  dis- 
charging the  colour  of  paste  of  starch  rendered  blue  by  iodine. 
From  the  facts  stated,  it  seems  to  follow,  that  when  dilute  ni- 
tric acid  is  acted  upon  by  oxidable  metals,  the  same  oxidizing 
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agent  is  produced  that  forms  on  mixing  hyponitric  acid  with 
water;  and  it  appears  also  that  tin  engenders  with  dilute  nitric 
acid  a  deoxidizing  matter,  i.  e.  a  nitrate  of  protoxide  of  tin. 

LXXII.  On  the  Composition  of  the  Fire-Damp  of  the 'New- 
castle Coal  Mines.     By  Thomas  Gylkh  am,  Esq.,  F.R.S.* 

SOME  years  ago  I  examined  the  gas  of  these  mines,  with 
the  same  result  as  Dr.  Henry,  Davy  and  Dr.  Turner  had 
previously  obtained,  namely,  that  it  contains  no  other  com- 
bustible ingredient  than  light  carburetted  hydrogen.  But  the 
analysis  of  the  gas  of  the  coal  mines  in  Germany,  subsequently 
published,  showing  the  presence  of  other  gases,  particularly 
of  defiant  gas,  has  rendered  a  new  examination  of  the  gas  of 
the  English  mines  desirable.  The  gases  were, — 1,  from  a  seam 
named  the  Five-Quarter  seam,  in  the  Gateshead  colliery, 
where  the  gas  is  collected  as  it  issues,  and  used  for  lighting 
the  mine ;  2,  the  gas  of  Hebburn  colliery,  which  issues  from 
a  bore  let  down  into  the  Bensham  seam — a  seam  of  coal  which 
is  highly  charged  with  gas,  and  has  been  the  cause  of  many 
accidents ;  and  3,  gas  from  Killingworth  colliery,  in  the  neigh- 
bourhood of  Jarrow,  where  the  last  great  explosion  occurred. 
This  last  gas  issues  from  a  fissure  in  a  stratum  of  sandstone, 
and  has  been  kept  uninterruptedly  burning,  as  the  means  of 
lighting  the  horse-road  in  the  mine,  for  upwards  often  years, 
without  any  sensible  diminution  in  its  quantity.  The  gases 
were  collected  personally  by  my  friend  Mr.  J.  Hutchinson, 
with  every  requisite  precaution  to  ensure  their  purity,  and 
prevent  admixture  of  atmospheric  air. 

The  usual  eudiometrical  process  of  firing  the  gases  with 
oxygen  was  sufficient  to  prove  that  they  all  consisted  of  light 
carburetted  hydrogen,  with  the  exception  of  a  few  per  cent. 
The  results  were  as  follows : — 

Gateshead  Gas. — Specific  gravity  0*5802. 

Carburetted  hydrogen      ....     94*2 

Nitrogen 4-5 

Oxygen 1*3 

100-0 
The  density  of  such  a  mixture  is,  by  calculation,  0'5813. 
Killingworth  Gas. — Specific  gravity  0*6306. 

Carburetted  hydrogen       ....     82*5 

Nitrogen 16*5 

Oxygen 1*0 

100-0 
*  Communicated  by  the  Chemical  Society ;  having  been  read  November 
3,  1845. 
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The  theoretical  density  of  this  gas,  deduced  from  its  com- 
position, is  0*6308. 

The  Hebburn  gas  was  of  specific  gravity  0'6327. 

Seventy-nine  measures  of  the  Killingworth  gas,  mixed  with 
an  equal  volume  of  chlorine,  left  in  the  dark  for  eighteen 
hours,  and  afterwards  washed  with  alkali,  were  reduced  to 
75  measures ;  from  which  the  presence  of  4  measures  of  de- 
fiant gas  might  be  inferred.  But  in  a  comparative  experi- 
ment made  at  the  same  time  on  25*3  measures  of  pure  gas  of 
the  acetates,  mixed  with  an  equal  volume  of  chlorine,  a  con- 
traction occurred  of  1*3  measure;  that  is,  in  exactly  the  same 
proportion  as  with  the  fire-damp. 

It  was  observed  that  phosphorus  remains  strongly  luminous 
in  these  gases,  mixed  with  a  little  air,  while  the  addition  to 
them  of  one-four-hundredth  part  of  defiant  gas,  or  even  a 
smaller  proportion  of  the  volatile  hydrocarbon  vapours,  de- 
stroyed this  property.  Olefiant  gas  itself,  and  all  the  allied 
hydrocarbons,  were  thus  excluded. 

Another  property  of  pure  light  carburetted  hydrogen,  ob- 
served by  myself,  enabled  me  to  exclude  other  combustible 
gases,  namely,  that  the  former  gas  is  capable  of  entirely  re- 
sisting the  oxidating  action  of  platinum  black,  and  yet  permits 
other  gases  to  be  oxidated  which  are  mixed  with  it  even  in 
the  smallest  proportion,  such  as  carbonic  oxide  and  hydrogen, 
the  first  slowly  and  the  last  very  rapidly;  air  or  oxygen  gas 
being,  of  course,  also  present  in  the  mixture.  Now  platinum 
black  had  not  the  smallest  action  on  a  mixture  of  the  gas  from 
the  mines  with  air.  No  moisture  appeared  or  sensible  con- 
traction, and  no  trace  of  carbonic  acid  could  be  discovered 
after  a  protracted  contact  of  twenty-four  hours;  while,  with 
the  addition  of  one  per  cent,  of  hydrogen,  the  first  effects  were 
conspicuously  evident  in  three  minutes,  and  with  the  same 
proportion  of  carbonic  oxide,  the  gas  became  capable  of  affect- 
ing lime-water  in  half  an  hour.  These  experiments  were  re- 
peated upon  each  of  the  three,  specimens  of  fire-damp. 

Potassium  fused  in  the  fire-damp  did  not  become  covered 
with  the  green  fusible  compound  of  carbonic  oxide,  nor  occa- 
sion any  contraction.  Indeed,  however  carefully  the  heat  was 
applied  to  the  potassium  by  means  of  an  oil-bath,  a  slight 
permanent  expansion  always  ensued.  The  same  thing  oc- 
curred in  pure  gas  of  the  acetates.  It  appeared  that  potas- 
sium could  not  be  heated  above  300°  Fahr.  in  pure  carbu- 
retted hydrogen,  without  causing  a  decomposition  and  the  evo- 
lution of  free  hydrogen  gas. 

The  gas  was  also  inodorous,  and  clearly  contained  no  ap- 
preciable quantity  of  any  other  combustible  gas  than  light 
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carburetted  hydrogen.  The  only  additional  matters  present 
were  nitrogen  and  oxygen ;  the  specimen  collected  in  the  most 
favourable  circumstances  tor  the  exclusion  of  atmospheric  air, 
namely,  that  from  the  Bensham  seam,  still  containing  0*6  per 
cent,  of  oxygen.     The  gases  also  contained  no  carbonic  acid. 

It  is  worthy  of  observation,  that  nothing  oxidable  at  the 
temperature  of  the  air  is  found  in  a  volatile  state  associated 
with  the  perfect  coal  of  the  Newcastle  beds.  The  remarkable 
absence  of  oxidability  in  light  carburetted  hydrogen  appears 
to  have  preserved  that  alone  of  all  the  combustible  gases  ori- 
ginally evolved  in  the  formation  of  coal,  and  which  are  still 
found  accompanying  the  imperfect  lignite  coal  of  Germany, 
of  which  the  gas  has  been  examined.  This  fact  is  of  geological 
interest,  as  it  proves  that  an  almost  indefinitely  protracted 
oxidating  action  of  the  air  must  be  taken  into  account  in  the 
formation  of  coal;  air  finding  a  gradual  access  through  the 
thickest  beds  of  superimposed  strata,  whether  these  strata  be 
in  a  dry  state  or  humid. 

In  regard  to  measures  for  preventing  the  explosion  of  the 
gas  in  coal  mines,  and  of  mitigating  the  effects  of  such  acci- 
dents, I  confine  myself  to  two  suggestions.  The  first  has 
reference  to  the  length  of  time  which  the  fire-damp,  from  its 
lightness,  continues  near  the  roof,  without  mixing  uniformly 
with  the  air  circulating  through  the  workings.  It  was  found 
that  a  glass  jar,  of  six  inches  in  length  and  one  inch  in  dia- 
meter, filled  with  fire-damp,  and  left  open  with  its  mouth 
downwards,  continued  to  retain  an  explosive  mixture  for  twenty 
minutes.  Now  it  is  very  desirable  that  the  fire-damp  should 
be  mingled  as  soon  as  possible  with  the  whole  circulating 
stream  of  air,  as  beyond  a  certain  degree  of  dilution  it  ceases 
to  be  explosive.  Mr.  Buddie  has  stated,  "  that  immediately 
to  the  leeward  of  a  blower,  though  for  a  considerable  way  the 
current  may  be  highly  explosive,  it  often  happens  that  after  it 
has  travelled  a  greater  distance  in  the  air-course,  it  becomes 
perfectly  blended  and  mixed  with  the  air,  so  that  we  can  go 
into  it  with  candles;  hence,  before  we  had  the  use  of  the 
Davy  lamp,  we  intentionally  made  '  long  runs,'  for  the  pur- 
pose of  mixing  the  air."  It  is  recommended  that  means  be 
taken  to  promote  an  early  intermixture  of  the  fire-damp  and 
air ;  the  smallest  force  is  sufficient  for  this  purpose ;  as  a  down- 
ward velocity  of  a  few  inches  in  the  second  will  bring  the  light 
gas  from  the  roof  to  the  floor.  The  circulating  stream  might 
be  agitated  most  easily  by  a  light  portable  wheel,  with  vanes* 
turned  by  a  boy,  and  so  placed  as  to  impel  the  air  in  the  di- 
rection of  the  ventilation,  and  not  to  impede  the  draft.  The 
gas  at  the  roof  undoubtedly  often  acts  as  an  explosive  train, 
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conveying  the  combustion  to  a  great  distance  through  the 
mine,  while  its  continuity  would  be  broken  by  such  mixing, 
and  an  explosion,  when  it  occurred,  be  confined  within  nar- 
rower limits. 

Secondly,  no  effective  means  exist  for  succouring  the  miners 
after  the  occurrence  of  an  explosion,  although  a  large  pro- 
portion of  the  deaths  is  not  occasioned  by  fire,  or  injuries 
from  the  force  of  the  explosion,  but  from  suffocation  by  the 
after-damp,  or  carbonic  acid  gas,  which  diffuses  itself  after- 
wards through  all  parts  of  the  mine.  It  is  suggested  that  a 
cast-iron  pipe,  from  eight  to  twelve  inches  in  diameter,  be 
permanently  fixed  in  every  shaft,  with  blowing  apparatus, 
above,  by  which  air  could  be  thrown  down,  and  the  shaft 
itself  immediately  ventilated  after  the  occurrence  of  an  explo- 
sion. It  is  also  desirable  that,  by  means  of  fixed  or  flexible 
tubes,  this  auxiliary  circulation  should  be  further  extended, 
and  carried  as  far  as  practicable  into  the  workings. 

LXXIII.  Observations  on  the  Resin  of  the  Xanthoroea  has- 
tilis, or  Yellow  Gum-resin  of  New  Holland.  By  John 
Stenhouse,  Esq.,  Ph.D.* 

r  I^HIS  remarkable  resin,  which  is  known  in  commerce  as  the 
"*  yellow  gum  or  acaroid  resin  of  Botany  Bay,  exudes  from 
the  Xanthoroea  hastilis,  a  tree  which  grows  abundantly  in 
New  Holland,  especially  in  the  neighbourhood  of  Sidney. 
This  resin  was  first  described  in  Governor  Phillips's  Voyage 
to  New  South  Wales  in  1788.  Mr.  Phillips  states  that  it 
was  employed  by  the  natives  and  first  settlers  as  a  medicine 
in  cases  of  diarrhoea.  The  resin  as  it  occurs  in  commerce 
sometimes  forms  masses  of  considerable  size,  but  as  it  is  very 
brittle,  although  tolerably  hard,  it  usually  arrives  in  the  state 
of  a  coarse  powder.  Its  colour  is  a  deep  yellow,  with  a 
slightly  reddish  shade,  considerably  resembling  gamboge, 
but  darker  and  less  pleasing.  The  colour  of  its  powder  is 
greenish  yellow.  When  chewed  it  does  not  dissolve  or  stick 
to  the  teeth,  but  tastes  slightly  astringent  and  aromatic  like 
storax  or  benzoin.  Its  smell  is  very  agreeable  and  balsamic. 
When  gently  heated  it  melts,  and  when  strongly  heated  it 
burns  with  a  strong  smoky  flame,  and  emits  a  fragrant  odour 
resembling  balsam  of  Tolu.  The  resin  contains  a  trace  of  an 
essential  oil,  to  which  much  of  its  agreeable  smell  is  probably 
owing.     This  oil  passes  into  the  receiver  when  the  resin  is 

*  Communicated  by  the  Chemical  Society ;  having  been  read  November 
17,1845. 
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distilled  with  a  mixture  of  carbonate  of  soda  and  water,  but 
its  quantity  is  so  small  that  I  was  unable  to  examine  it  more 
closely.  The  resin  is  insoluble  in  water,  but  dissolves  readily 
both  in  alcohol  and  in  aether,  especially  in  the  former.  Its 
solution  in  alcohol  has  a  brownish  yellow  colour ;  the  addi- 
tion of  water  precipitates  it  as  a  dark  yellow  mass,  but  it  does 
not  crystallize  out  of  its  alcoholic  solution  when  left  to  spon- 
taneous evaporation,  but  remains  as  a  varnish.  When  di- 
gested with  strong  alkaline  lyes,  it  readily  dissolves  and  forms 
a  brownish  red  solution;  and  when  the  alkali  is  neutralized  with 
muriatic  acid,  the  resin  is  precipitated  considerably  altered 
as  a  dark  brownish  brittle  mass.  On  concentrating  the  solu- 
tion out  of  which  the  resin  has  been  precipitated,  and  allowing 
it  to  cool,  a  quantity  of  impure  reddish  crystals  resembling 
benzoic  acid  are  gradually  deposited.  It  requires  repeated 
and  long-continued  digestions  with  the  strongest  alkaline  lyes 
to  remove  the  whole  of  this  crystalline  acid  from  the  resin, 
which  retains  it  with  very  great  tenacity.  The  quantity  of  the 
acid  is  by  no  means  great.  It  is  not  easily  purified,  as  its 
crystals  are  apt  to  retain  a  trace  of  a  reddish  colouring  matter, 
from  which  it  is  very  difficult  to  free  them.  The  easiest  way 
of  getting  rid  of  it,  is  by  dissolving  the  impure  crystals  in  a 
small  quantity  of  alcohol  and  then  adding  water;  the  greater 
portion  of  the  colouring  matter  is  retained  in  solution,  while 
the  crystals  are  precipitated  tolerably  white.  When  purified 
by  repeated  crystallizations,  they  become  quite  colourless.  In 
appearance,  taste,  and  smell  they  closely  resemble  benzoic  acid. 
When  dried  at  212°  F.  and  subjected  to  analysis, — 

I.  0-2284  grm.  of  substance  gave  0*6005  COa  and  0413 
HO. 

II.  0-2955  grm.  of  substance  prepared  on  a  different  occa- 
sion gave  0*790  C02  and  0-1505  HO. 


Found. 

I. 

II. 

Cinnaraic  acid. 

Benzoic  acid. 

c    . 

71-74, 

72-91 

73-35 

68-85 

H    . 

5-49 

5'65 

5-32 

4-91 

O     . 

22-77 

21-44 

21-33 

26*24 

100-00  100-00  100-00  100-00 

It  is  evident  from  these  analyses  that  the  crystalline  acid  con- 
tains nearly  the  same  amount  of  carbon  and  hydrogen  as  cinna- 
mic  acid,  with  some  deficiency  however  in  the  carbon.  I  was 
led  therefore  to  suspect  that  it  consisted  essentially  of  cinnamic 
acid,  with  probably  a  smalKadmixture  of  benzoic  acid,  a  sus- 
picion which  subsequent  experiments  tended  fully  to  confirm  ; 
for  on  heating  a  quantity  of  the  crystals  with  some  peroxide 
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of  manganese  and  sulphuric  acid,  oil  of  bitter  almonds  was 
immediately  evolved,  and  on  boiling  a  second  portion  with 
hypochlorite  of  lime,  the  very  peculiar  chlorinated  oil  de- 
scribed in  a  former  paper  was  also  abundantly  produced,  thus 
clearly  indicating  the  presence  of  cinnamic  acid.  A  third 
portion  of  the  crystals  was  dissolved  in  alcohol  and  left  to 
spontaneous  evaporation ;  it  yielded  after  some  time  the  fine 
rhombic  prisms  so  characteristic  of  cinnamic  acid  when  it  is 
crystallized  out  of  alcohol,  mixed  however  with  some  long 
acicular  crystals,  having  all  the  appearance  of  benzoic  acid. 
I  think  myself  warranted  to  conclude  therefore  that  Botany 
Bay  resin  contains  cinnamic  acid  mixed  with  a  very  little  ben- 
zoic, in  which  respect  it  resembles  balsam  of  Tolu,  which  con- 
tains both  cinnamic  and  benzoic  acids,  though  fortunately  in 
much  greater  abundance. 

Action  of  Nitric  Acid  on  the  Resin, 

When  the  resin  is  treated  with  moderately  strong  nitric 
acid  in  the  cold,  a  violent  action  ensues  with  the  evolution  of 
nitrous  fumes.  The  resin  is  completely  dissolved  if  the  quan- 
tity of  the  nitric  acid  is  considerable.  The  colour  of  the  solu- 
tion is  dark  red,  but  by  boiling  it  becomes  of  a  bright  yellow 
colour.  The  liquid  should  be  evaporated  to  dryness  on  the 
water-bath,  to  get  rid  of  the  great  excess  of  nitric  acid.  The 
residue  forms  a  mass  of  fine  yellow  crystals,  consisting  chiefly 
of  carbazotic  acid,  but  mixed  with  some  oxalic  and  a  little 
nitrobenzoic  acids.  The  nitrobenzoic  acid  is  evidently  de- 
rived from  the  cinnamic  acid  in  the  resin.  The  carbazotic 
acid  is  easily  separated  from  these  other  acids  by  converting 
it  into  carbazotate  of  potash,  which  is  easily  purified  by  one 
or  two  crystallizations,  and  then  by  decomposing  the  salt  with 
muriatic  acid,  pure  carbazotic  acid  may  be  obtained. 

0*3823  grm.  of  the  acid,  dried  at  212°  F.,  gave  0-442  C02 

and  0-049  HO. 

Found.  Calculated  numbers. 

Carbon      ..     31*53  31*37 

Hydrogen       .       1'42  1*30 

Oxygen     .     .     67-05  67*33 

100*00  100-00 

0-3975  grm.  of  the  potash  salt,  decomposed  by  sulphuric 
acid  and  then  ignited  with  carbonate  of  ammonia,  left  0-1300 
of  sulphate  of  potash  =  17*68  per  cent,  of  potash;  calculated 
quantity  17*60. 

The  silver  salt  was  also  formed  by  boiling  the  acid  with  car- 
bonate of  silver.  It  is  a  very  soluble  salt,  which  crystallizes  in 
fine  red-coloured  needles.   0*8975  grm.  of  the  salt  gave  0*372 
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CI  Ag=  31*22  Ag,  or  33*53  per  cent,  oxide.     The  calculated 
numbers  are  31*27  per  cent,  of  silver  =  33*59  oxide. 

The  quantity  of  carbazotic  acid  which  Botany  Bay  resin 
yields  when  treated  with  nitric  acid  is  so  great,  and  it  is  so 
easily  purified,  that  this  resin  seems  likely  to  prove  the  best 
source  of  that  substance.  When  the  resin  is  subjected  to 
destructive  distillation  in  an  iron  or  copper  retort,  it  yields  a 
very  large  quantity  of  a  heavy  acid  oil  mixed  with  a  very 
small  quantity  of  a  neutral  oil,  which  is  lighter  than  water. 
If  however  the  resin  has  been  previously  digested  with  alka- 
line lyes,  so  as  to  remove  all  the  cinnamic  and  benzoic  acids  it 
contains,  the  heavy  oil  is  obtained  as  before,  but  none  of  the 
light  essential  oil.  The  acid  oil  is  readily  soluble  in  potash 
and  soda  lyes ;  in  its  smell  and  properties  it  resembles  creos- 
ote; when  it  is  digested  with  nitric  acid,  it  is  wholly  converted 
into  carbazotic  acid,  and  when  a  slip  of  fir-wood  is  dipt  in  it, 
and  then  moistened  with  either  muriatic  or  nitric  acid,  the 
deep  blue  colour  passing  quickly  into  brown,  so  characteristic 
of  hydrate  of  phenyle,  is  immediately  produced,  with  which 
substance  the  oil  appears  completely  identical.  The  light  oil 
above  mentioned,  the  quantity  of  which  is  extremely  small,  is 
separated  from  the  hydrate  of  phenyle  by  saturating  it  with 
an  alkali  and  distilling  the  mixture  in  a  glass  retort  with  a 
gentle  heat.  In  smell  and  properties  it  resembles  benzine,  and 
is  most  probably  a  mixture  of  benzine  and  cinnamene;  unfor- 
tunately the  quantity  obtained  was  so  small,  that  I  was  unable 
to  subject  it  to  more  particular  examination. 


LXXIV.  On  the  Constitution  of  Matter. 
By  H.  Sloggett,  Esq. 

To  Richard  Taylor,  Esq. 
Sir, 
pjAVING  observed  in  your  Journal  for  December  1845  some 
*7  *  remarks  on  Prof.  Faraday's  speculation  on  the  constitu- 
tion of  matter  by  Mr.  Laming,  wherein  he  attempts  to  show, 
that  by  a  peculiar  way  of  considering  the  theory  of  atoms  the 
conducting  and  insulating  powers  of  bodies  appear  more  in- 
telligible than  on  any  other  doctrine,  I  have  been  induced  to 
send  you  a  few  ideas  of  mine  on  the  subject,  with  a  hope  that 
you  may  not  consider  them  unworthy  of  insertion. 

The  test  of  the  truth  of  any  hypothesis,  is  its  accordance 
with  all  known  facts ;  and  any  discrepancy,  even  a  single  one, 
between  a  theory  and  experiment,  is,  if  not  cleared  up,  fatal  to 
its  validity.     The  one-fluid  theory,  in  electricity  though  pre- 
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ferable  to  its  rival  in  perhaps  all  other  respects,  has  hitherto 
been  incapable  of  being  generally  received,  on  account  of  its 
giving  unsatisfactory  results  when  submitted  to  mathematical 
analysis.  In  endeavouring  to  obviate  this  difficulty,  I  con- 
ceived the  object  completely  attained,  by  a  supposition  some- 
what analogous  to  Mr.  Laming's,  though  essentially  different 
in  respect  to  the  assumption  of  solid  atoms.  As  we  know 
matter  only  by  its  properties,  it  certainly  seems  more  rational 
to  call  those  properties  themselves  matter,  than  to  invent  an 
imaginary  substance  with  inseparably  attached  attributes. 

In  Mr.  Laming's  theory  I  can  see  no  vindication  of  the 
theory  of  solid  atoms,  because  it  is  not  necessary  for  them  to 
be  admitted.  He  might  consider  the  term  "  atom  "  to  signify 
nothing  more  than  "centre  of  attraction."  With  this  quali- 
fication I  agree  with  him,  that  different  atoms  are  naturally 
associated  with  different  quantities  of  electricity ;  arising,  how- 
ever, from  different  degrees  of  power  in  the  atoms,  or  centres 
of  attraction.  An  objection  apparently  arises,  in  limine,  to  his 
supposition  of  incomplete  external  strata.  How  are  they  to 
remain  incomplete  when  placed  in  circumstances  adapted  to 
supply  them  with  as  much  electricity  as  would  be  necessary 
to  complete  them  ?  Or  in  other  words,  why  should  they  not 
retain  the  electricity  which  they  have  once  received  ?  I  have 
mentioned  this  objection  because  it  appears  to  be  an  essential 
point  in  Mr.  Laming's  paper,  and  because  it  is  in  fact  the  only 
one,  except  that  before  mentioned,  so  far  as  it  goes,  in  which 
his  hypothesis  differs  materially  from  my  own.  It  will  be 
proper  to  premise,  that  by  the  word  atom,  I  mean  nothing  more 
than  a  centre  or  combination  of  centres  of  attractive  or  re- 
pulsive force;  those  combinations  of  centres,  when  they  occur, 
occupying  the  same  point;  implicating,  in  opposition  to  the 
usual  notion,  that  matter  may  be  penetrable.  It  is  necessary 
that  this  be  remembered",  because  the  word  in  its  common 
sense  involves  circumstances  incompatible  with  another  mean- 

Philosophers  have  long  considered  it  established  that  the 
atoms  of  bodies  attract  each  other ;  and  it  cannot  but  be  ad- 
mitted that  a  repulsive  principle  between  them  is  just  as  clearly 
evidenced.  Hence  we  have  just  grounds  for  the  assumption 
that  the  atoms  of  bodies  are  both  attractive  and  repulsive  of 
each  other.  But  this  is  an  inconsistency  if  an  atom  be  but  a 
single  principle,  and  as  there  is  abundant  proof  of  the  existence 
of  an  agent  distinct  from  matter  in  bodies,  there  are  ample 
reasons  for  attributing  the  attracting  property  to  this  agent 
(electricity),  and  the  repulsive  power  to  the  matter  itself.  But 
it  remains  to  be  shown  how  these  are  to  be  united  in  order  to 


Mr.  H.  Sloggett  on  the  Constitution  of  Matter.      445 

explain  the  effects  which  appertain  to  the  action  of  bodies  in 
general  on  each  other,  as  well  as  those  which  are  produced  by 
the  agency  of  electricity. 

We  assume,  then,  that  the  atoms  of  matter  are  mutually 
repulsive  of  each  other,  but  attractive  of  those  of  electricity; 
and  that  the  atoms  of  electricity  are  in  like  manner  self-re- 
pulsive and  attractive  of  those  of  matter.  This  hypothesis  is 
not  new,  it  was  invented  long  ago  to  satisfy  the  Franklinian 
theory  of  electricity;  but  its  application  has  not,  to  my  know- 
ledge, been  successfully  made.  My  object  here  is  briefly  to 
show  its  consistency  when  rightly  applied. 

Suppose  the  centres  of  matter  far  more  powerful  and  less 
numerous  than  those  of  electricity.  Each  atom  of  the  com- 
pound will  thus  consist  of  an  atom  (in  the  sense  before  stated) 
of  matter  surrounded  with  an  atmosphere  (so  to  speak)  of 
electricity,  of  variable  density,  in  a  somewhat  similar  manner 
to  the  air  surrounding  the  earth.  This  must  have  a  definite 
limit  at  some  distance  from  the  centre,  where  the  repulsive 
power  of  the  whole  quantity  of  electricity  surrounding  the 
matter  on  an  atom  of  electricity  equals  the  attractive  power 
of  the  matter  for  the  same  atom ;  so  that  beyond  this  limit 
none  can  exist  in  connexion  with  the  atom.  Accordingly 
every  particle  of  matter  will  appropriate  to  itself  a  definite 
quantity  of  electricity  dependent  on  its  inherent  power;  and 
when  any  excess  above  this  quantity  occurs  in  a  body,  it 
becomes  positively  electrified,  and  negatively  electrified  when 
there  is  a  deficiency.  This  admitted,  we  may  enunciate  thus : 
In  all  bodies,  in  their  natural  state,  there  are  two  principles 
reciprocally  combined,  mutually  attractive  but  each  repulsive 
of  itself.  If  there  be  an  excess  of  either  principle,  in  one 
instance  the  body  in  which  it  may  occur  becomes  positively, 
and  in  the  other  negatively  electrified. 

This  will  be  observed,  in  effect,  to  be  expressing  the  two-fluid 
theory.    A  simple  illustration  will  exemplify  the  similarity. 

Suppose  a  conducting  sphere  charged  positively.  All  its 
atoms  being  duly  combined  with  as  much  as  they  can  retain, 
it  is  evident  that  the  superfluous  electricity  thus  thrown  on 
them  must,  by  its  elastic  property,  fly  off  from  them,  subject 
only  to  an  inferior  attractive  and  repulsive  force,  it  being  as 
it  were  without  the  effective  range  of  the  central  forces.  Un- 
less retained  on  the  body  by  a  non-conducting  medium,  it 
would  necessarily  fly  off  entirely.  This  both  the  old  theories 
teach  us.  But  how  will  the  case  stand  when  the  excitement 
is  negative?  This  is  a  question  which  the  partisans  of  the  vi- 
treous and  resinous  hypotheses  were  accustomed  triumphantly 
to  ask.     Indeed  I  have  never  seen  it  answered ;  arising  from 
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no  assigned  position  being  given  to  electricity  in  its  combina- 
tion with  matter.  This  being  done,  the  solution  is  easy,  and 
if  it  be  done  satisfactorily,  the  two-fluid  theory  must  be  esti- 
mated as  nothing  but  a  superfluity.  In  a  sphere,  the  com- 
bined atoms  of  matter  concentrate  their  power  in  its  centre. 
Thus  the  exterior  atoms  have  their  atmospheres  less  strongly 
attached  to  them  than  the  interior  ones,  since  the  tendency  of 
all  the  combined  atoms  to  attract  electricity  to  the  centre  of 
the  sphere  is  greatest  at  the  surface,  varying  as  the  distance 
from  the  centre ;  and  because  this  tendency  and  the  force  with 
which  the  atom  attracts  its  atmosphere  are  in  opposition. 
Now  it  is  manifest  that  a  force  must  act  when  the  resistance 
to  it  is  least ;  hence  if  electricity  be  abstracted  from  the  sphere 
it  must  be  from  the  surface,  or  rather  from  the  atoms  on  the 
surface.  If  the  surface  be  not  covered  with  a  non-conducting 
medium,  the  atoms  will  necessarily  supply  their  deficiency 
from  the  contiguous  conducting  ones,  and  thus  cause  an  equi- 
librium. It  has  however  yet  to  be  shown  how  negatively  elec- 
trified bodies  repel  each  other ;  indeed  electrical  attraction  and 
repulsion  generally  must  be  explained  before  the  validity  of 
the  theory  can  be  assented  to;  but  as  both  the  received  theo- 
ries do  this  in  a  nearly  similar  manner  to  the  present  one,  it 
need  not  now  be  entered  upon.  My  object  has  been  briefly 
to  prove  the  sufficiency  of  one  electric  agent  to  elucidate  what 
it  has  been  considered  possible  to  do  only  by  two,  and  by  so 
doing  to  furnish  a  basis  for  the  explanation  of  the  whole  series 
of  electrical  phaenomena.  Statical  electricity  has  alone  fur- 
nished exercise  for  legitimate  theory ;  and  although  the  iden- 
tity of  it  and  voltaic  electricity  has  never  been  doubted,  the 
connexion  between  their  effects  has  received  no  solution. 
The  relation  between  the  atoms  of  bodies  and  statical  electri- 
cal excitement,  here  suggested,  seems  to  furnish  a  clue  by  which 
dynamical  electricity  may  become  more  intelligible.  By  dy- 
namical electricity,  I  mean  voltaic  effects  generally.  This 
may  perhaps  more  clearly  appear  by  considering  the  influences 
to  which  the  particles  might  be  conceived  to  be  subject.  In 
order  to  this,  we  must  have  some  standard  by  which  we  may 
compare  different  atoms  or  centres  of  matter ;  so  we  will  assume 
an  unit  for  that  purpose.  Not  that  an  atom  must  consist  of 
one  unit  only,  but  that  different  atoms  may  consist  of  different 
definite  units. 

Let  the  repulsion  between  one  unit  of  matter  and  another 
be  called  R,  the  repulsion  between  units  of  electricity  ?•,  the 
attraction  between  units  of  electricity  and  matter  a ;  let  the 
respective  quantities  of  matter  in  two  different  atoms  be  M 
and  mt  and  the  respective  quantities  of  electricity  E  and  e. 
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Then  the  repulsion  which  these  atoms  exercise  on  each  other 
will  be  represented  by 

MmR  +  Eer (A.) 

And  the  attraction  will  be 

Mea  +  mEfl (B.) 

Imagine  a  case  of  equilibrium,  then 

Mmr  +  Eer=Mea  +  mEa. 
Now  all  those  quantities  are  variable;  and  it  is  easy  to  per- 
ceive that  the  attraction  and  repulsion  will  vary  with  varying 
values  of  either  of  the  quantities.  At  present  we  wish  to 
know  the  effect  of  increase  or  diminution  of  the  quantity  of 
electricity  on  an  atom. 

Now  suppose  the  attraction  and  repulsion  equal,  and  we  get 

Mea-M/«R=Eer-Effl«. 
0)  (2) 

Diminish  E  then  (2)  becomes  less  than  (1),  and  consequently 
B  becomes  less  than  A ;  that  is,  the  repulsion  becomes  in  ex- 
cess. This  is  on  the  assumption  of  m  a  being  greater  than  e  r. 
Increase  E,  and  in  like  manner  the  attraction  becomes  in  ex- 
cess. In  a  similar  manner  might  it  be  shown  that  an  increase 
or  diminution  of  e  would  cause  a  corresponding  attraction 
or  repulsion.  Still  more  so,  then,  must  this  occur  when  both 
E  and  e  increase  or  diminish  together.  This  is  an  evident 
reason  for  the  repulsion  existing  between  bodies  negatively 
electrified.  But  its  more  important  feature  is  the  view  it 
would  give  of  voltaic  excitement;  indicating  that  the  current 
is  simply  the  appropriation  of  the  electricity  holding  the  ele- 
ments of  the  liquid  compound  in  combination,  to  the  forma- 
tion of  the  new  compound  which  is  essentially  always  in  pro- 
cess. It  will  not  be  necessary  now  to  trace  any  further  the 
effects  of  this  mode  of  considering  the  constitution  of  matter. 
I  have  said  thus  much  merely  as  a  preliminary  necessary  for 
its  reception.  Whether  similar  views  may  have  been  enter- 
tained before,  I  know  not,  but  they  have  been  my  own  for  a 
considerable  period  past,  and  in  their  elucidation  of  all  the 
facts  on  which  I  have  tried  them,  there  seems  to  be  greater 
consistency  than  on  many  other  suppositions  which  I  have  met 
with.  It  may  be  worth  while  to  allude  to  the  manner  in  which 
the  property  of  conduction  is  treated  by  this  theory:  it  would 
appear  that  no  body  is  a  perfect  conductor;  the  relation  between 
conductors  and  non-conductors  being  merely  a  question  of 
time  and  velocity ;  for  each  atom  of  a  body  exercising  an  at- 
traction and  repulsion  on  free  electricity  in  it,  the  facility  of 
transmission  will  depend  on  the  ratio  and  intensity  of  those 


448       Messrs.  Scoresby  and  Joule  on  the  Mechanical 

forces,  these  again  depending  on  the  quantities  of  electricity 
and  matter  in  the  atoms.  This  has  been  merely  hinted  at,  not 
for  explanation,  but  to  show  that  the  theory  gives  the  property 
referred  to,  to  inherent  powers  in  bodies  themselves,  and  not 
to  the  space  in  which  they  are  situated,  and  by  which  they  are 
surrounded.  My  reasons  for  considering  the  atoms  of  bodies 
as  mere  centres  of  force,  have  not  been  given,  as  they  are  con- 
nected with  other  subjects  on  which  you  may  not  be  able  to 
afford  space  for  entering. 

I  am,  Sir, 
Killigrew  St.,  Falmouth,  Yours,  &c, 

Jan.  19,  1846.  Henry  Sloggett. 

LXXV.  Experiments  and  Observations  on  the  Mechanical 
Powers  of  Electro- Magnetism,  Steam,  and  Horses.  By  the 
Rev.  William  Scoresby,  D.D.,  F.R.SS.  L.  and  E.,  Corr. 
Memb.  Inst.  Fr.,  tyc,  and  James  P.  Joule,  Secretary  of  the 
Literary  and  Philosophical  Society  of  Manchester,  Mem. 
Chem.  Soc,  fyc* 

A  T  the  last  Meeting  of  the  British  Association,  Dr.  Scoresby 
■**■  described  a  magnetic  apparatus  of  very  great  power,  and 
gave  an  account  of  some  experiments  he  had  made  with  a  view 
to  test  its  capabilities  for  exciting  electrical  currents.  The 
coils  employed  in  those  experiments  were  hastily  constructed, 
and  by  no  means  calculated  to  produce  a  maximum  effect. 
We  agreed,  therefore,  to  construct  and  try  more  efficient  ones 
on  the  first  opportunity. 

Two  kinds  of  revolving  armature  occurred  to  us  as  worthy 
of  trial.  One  of  them  consisted  of  a  hollow  tube  of  drawn 
iron,  24  inches  long,  l^th  inch  in  diameter,  and  T3gths  of  an 
inch  thick  in  the  metal,  bent  into  the  shape  of  the  letter  U. 
It  had  a  saw-cut  along  its  entire  length,  in  order  to  prevent 
the  circulation  of  electrical  currents  in  the  substance  of  the 
iron.  Each  of  the  legs  of  this  armature  was  wound  with  274 
feet  of  covered  copper  wire,  y^th  of  an  inch  in  diameter.  The 
other  armature  consisted  of  two  bars  of  iron,  each  20  inches 
long,  4  inches  broad,  and  fths  of  an  inch  thick.  These  bars 
were  bent  edgeways  into  the  form  of  a  semicircle,  and  then 
fastened  together  with  the  interposition  of  a  piece  of  calico  in 
order  to  prevent  currents  in  the  iron  as  much  as  possible. 
Each  leg  of  this  armature  was  furnished  with  two  coils  of  co- 
vered copper  wire  y^th  of  an  inch  thick.  The  two  coils  that 
were  nearest  the  iron  were  each  276  feet  long;  and  each  of 
the  other  two  coils  was  296  feet  long. 

*  Communicated  by  the  Authors. 
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Having  placed  the  two  straight  steel  magnets  (each  of  which 
was  4  feet  4  inches  long,  4  to  5  inches  square,  and  had  poles 
of  1\  square  inches  surface)  side  by  side,  in  a  horizontal 
position,  and  with  two  of  their  poles  connected  by  a  suitable 
armature,  we  placed  the  hollow  electro-magnetic  armature  on 
the  axis  of  a  revolving  apparatus,  in  such  a  position  that  the 
poles  of  the  armature  could  revolve  at  the  distance  of  about 
^th  of  an  inch  from  the  poles  of  the  steel  magnets.  The  coils 
were  arranged  for  quantity,  and  connected  by  means  of  a 
proper  "  commutator "  with  platinum  plates  (each  exposing 
an  active  surface  of  5  or  6  square  inches)  immersed  in  a  dilute 
solution  of  sulphuric  acid.  The  maximum  amount  of  decom- 
position was  effected  when  the  armature  revolved  500  times 
per  minute.  At  this  velocity  f  ths  of  a  cubic  inch  of  the  mixed 
gases  were  collected  per  minute. 

Having  removed  the  hollow  armature,  we  now  fastened  the 
Jlat  semicircular  armature  upon  the  axis.  When  this  arma- 
ture, with  its  four  coils  arranged  for  quantity,  was  rotated  at 
the  rate  of  500  revolutions  per  minute,  we  collected  as  much 
as  1*4  cubic  inch  of  the  mixed  gases  per  minute.  With  the 
same  velocity  of  rotation,  two  inches  of  steel  wire,  g^th  of  an 
inch  thick,  were  raised  to  a  bright  red  heat;  and  one  inch  of 
the  same  kind  of  wire  was  fused. 

Great  as  the  above  effects  undoubtedly  are,  in  comparison 
with  previously  recorded  results,  we  expect  to  be  able  to  aug- 
ment them  very  much  by  causing  the  armatures  to  revolve 
opposite  the  true  poles  of  the  magnets,  and  not,  as  heretofore, 
opposite  their  ends.  It  is  proper  also  to  observe,  that  on  ac- 
count of  the  imperfect  hardness  of  many  of  the  steel  bars*, 
the  magnets  did  not  possess  one  quarter  of  the  power  due  to 
Dr.  Scoresby's  principle  of  construction.  We  have  not,  how- 
ever, hitherto  cared  to  reconstruct  the  apparatus,  because  our 
principal  object  in  the  present  research  was  to  make  experi- 
ments with  the  machine  working  as  an  engine,  for  which  pur- 
pose the  magnets  were  quite  powerful  enough. 

The  battery  employed  for  working  the  machine  as  an  engine, 
consisted  of  three  cells  of  Daniell's  constant  arrangement.  In 
each  cell  the  copper  element  exposed  an  active  surface  of  two 

*  The  bars  of  which  the  magnetic  apparatus  was  constructed  were  of 
various  lengths,  but  of  otherwise  uniform  dimensions,  viz.  \\  inch  broad 
and  ^th  of  an  inch  thick.  The  thickness  and  mass  were  found  too  great 
for  effective  hardening,  at  least  for  obtaining  a  degree  of  hardness  capable 
of  sustaining  the  severity  of  the  magnetic  test.  (Economy  and  facility  of 
arrangement  were  the  reasons  for  adopting  this  construction,  rather  than 
the  more  certain  and  effective  one  of  hard  thin  plates,  described  by  Dr. 
Scoresby  in  his  "  Magnetical  Investigations." 
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square  feet,  and  the  amalgamated  zinc  plate  a  surface  of  f  rds 
of  a  square  foot.  A  pretty  correct  galvanometer,  consisting 
of  a  circle  of  thick  copper  wire  and  a  magnetic  needle  3  inches 
long,  was  employed  for  measuring  the  currents  of  electricity 
which  were  transmitted  by  the  battery  through  the  revolving 
armatures.  The  tangents  of  the  deflections  of  the  magnetic 
needle,  corrected  by  a  small  equation,  indicated  the  absolute 
quantities  of  transmitted  electricity.  The  quantity  of  zinc 
consumed  in  the  battery  was  deduced  from  the  deflections  of 
the  needle;  the  data  of  the  calculation  being  derived  from 
previous  experiments  on  the  quantity  of  mixed  gases  evolved 
from  acidulated  water  by  a  current  capable  of  producing  a 
given  deflection  of  the  needle. 

Our  first  experiments  were  made  with  the  flat  semicircular 
revolving  armature,  its  four  coils  being  arranged  for  quantity. 
The  deflection  of  the  needle  before  the  engine  was  allowed  to 
start  amounted  to  64°,  which  indicated  a  current  of  2232, 
calling  the  current  corresponding  to  45°,  1000.  The  engine, 
being  then  allowed  to  start,  presently  attained  a  velocity  of 
140  revolutions  per  minute.  The  needle  was  then  observed 
to  stand  steadily  at  43°,  indicating  a  current  of  920.  The 
consumption  of  zinc  in  the  battery  was  estimated  to  be  at  the 
rate  of  205  grs.  per  hour. 

Although  we  were  not  able  to  apply  as  exact  a  dynamo- 
meter as  we  could  have  wished,  we  were  nevertheless  enabled 
to  arrive  at  a  pretty  correct  estimation  of  the  power  developed, 
by  ascertaining  the  weight  which,  when  thrown  over  a  wheel 
connected  with  the  engine,  was  sufficient  to  keep  it  in  uniform 
motion.  In  this  way  we  found  that  the  force  developed  in 
the  above  experiment  was  equal  to  raise  21,100  lbs.  to  the 
height  of  a  foot  per  hour. 

On  making  a  second  experiment  with  the  same  revolving 
armature  and  battery,  we  obtained  the  following  results: — 
Current  before  the  engine  was  allowed  to  start,  2232 ;  current 
when  the  armature  was  rotating  at  the  rate  of  180  revolutions 
per  minute,  850;  consumption  of  zinc  per  hour,  190  grains; 
force  given  out  per  hour,  17,820  lbs.  raised  a  foot. 

Mr.  J.  P.  Joule  has  already  proved  that  the  heat  evolved 
by  voltaic  and  magneto-electrical  currents  is,  cceteris  paribus, 
proportional  to  the  square  of  their  intensity*;  and  that  the 
power  of  the  electro-magnetic  engine  is  obtained  at  the  ex- 
pense of  the  heat  due  to  the  chemical  reactions  of  the  voltaic 
battery  by  which  it  is  worked.  He  has  also  shown,  that  if 
the  whole  of  the  heat  developed  by  the  consumption  of  a  grain 
of  zinc  in  a  Daniell's  battery  could  be  converted  into  useful 
*  Phil.  Mag.,  vol.  xviii.  p.  308,  and  vol.  xix.  p.  260. 
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mechanical  power,  it  would  be  equal  to  raise  a  weight  of  158 
lbs.  to  the  height  of  a  foot*.  Hence,  if  we  designate  the  cur- 
rent when  the  engine  is  at  rest  by  a,  and  the  current  when 
the  engine  is  in  motion  by  b,  the  heat  evolved  by  the  circuit 
in  a  given  time,  will,  in  the  two  instances,  be  as  a2  to  &2.  But 
the  quantities  of  zinc  consumed  being  as  a  to  &,  the  heat,  per 
a  given  consumption  of  zinc,  will  be  as  a  to  b,  or  directly  as 
the  currents ;  a  —  b  will  therefore  represent  the  quantity  of 
heat  converted  by  the  engine  into  useful  mechanical  effect. 
Therefore,  putting  x  for  the  mechanical  effect  in  lbs.  raised  a 
foot  high  per  the  consumption  of  a  grain  of  zinc,  we  have 

158  (a-b) 

x  = ! -. 

a 

From  the  above  equation  it  is  evident  that  the  ceconomical 
duty  will  be  a  maximum  when  b  vanishes  or  becomes  infinitely 
small  in  comparison  with  a.  In  this  case  x  =  158,  while  the 
power  of  the  engine  will  become  infinitely  small  with  regard 
to  work  performed  in  a  given  time.  We  must,  however,  ob- 
serve that  the  equation  can  only  be  strictly  correct  when  the 
current  b  is  uniform,  which  it  never  can  be  exactly,  in  conse- 
quence of  the  resistance  of  the  magnetic  induction  against  the 
voltaic  current  varying  in  the  different  positions  of  the  revol- 
ving electro-magnetic  armature.  Hence  the  current  b  is  always, 
to  a  certain  extent,  of  a  pulsatory  character,  which  has  the 
effect  of  causing  it  to  develope  more  heat  than  an  uniform  cur- 
rent of  the  same  quantity.  From  this  circumstance,  as  well 
as  from  the  unavoidable  existence  of  some  slight  currents  in 
the  substance  of  the  iron  of  the  revolving  armature,  the  actual 
ceconomical  effect  will  always  be  somewhat  below  the  duty  in- 
dicated by  our  formula. 

Applying  the  formula  to  our  first  experiment,  we  have  for 
the  theoretical  ceconomical  effect, 

158  (2232—920)  _ 

2231  ~  92'9> 

while  the  actual  ceconomical  effect  was 
21100 


205 


=  102-9. 


In  our  second  experiment,  the  theoretical  ceconomical  effect 
will  be 

158(2232  -  850)  _ 

2232  ~  y?'8' 

*  Phil.  Mag.,  vol.  xxiii.  p.  441. 
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and  the  actual  duty, 

1™«5  =  9S-8. 
190 

Taking  the  mean  of  the  two  experiments,  we  have  for  the 
theoretical  duty  95-3,  and  for  the  actual  performance  98*3. 
Here,  therefore,  in  apparent  contradiction  to  what  we  have 
just  said,  the  actual  exceeds  the  theoretical  duty.  This  cir- 
cumstance is  however  partly  explained  by  the  fact  that  the 
solution  of  sulphuric  acid  employed  in  charging  the  battery 
had  been  mixed  immediately  before  the  experiments  were 
made,  and  was  in  consequence  considerably  heated;  for 
Daniell  has  shown  that  the  intensity  of  his  battery  increases 
with  its  temperature,  and  it  is  evident  that  an  increase  of  the 
intensity  or  electromotive  force  of  the  cells  of  the  battery  must 
be  productive  of  an  increased  ceconomical  effect. 

The  next  two  experiments  were  made  with  the  hollow  re- 
volving armature,  its  two  coils  being  arranged  for  quantity. 
In  these  and  the  subsequent  experiments,  the  battery  was 
charged  with  a  cold  solution. 

Experiment  3. — Current  when  the  engine  was  kept  at  rest, 
1381 ;  current  when  the  armature  was  revolving  80  times  per 
minute,  850;  consumption  of  zinc,  190  grains  per  hour; 
power  developed,  8800  lbs.  raised  a  foot  high  per  hour.  From 
these  data,  the  theoretical  duty  will  be 

158(1381-850) 

FssT =  60  7' 

and  the  actual  duty  will  be 

^°  =  "** * 

190 
Experiment  4. — Current  before  the  engine  was  allowed  to 
start,  1381 ;  current  when  the  engine  was  revolving  102  times 
per  minute,  678;  consumption  of  zinc,  151  grains  per  hour; 
power  developed,  9000  lbs.  raised  a  foot  per  hour.  Hence 
for  the  theoretical  duty  we  have, 

158(1381  -678) 


1381 
and  for  the  actual  duty, 

9000 


==  80'4, 


=  59'6. 


151 

Lastly,  we  made  two  experiments  in  which  the  engine  was 
fitted  up  with  two  straight  electro-magnets  fastened  parallel 
to  the  axis.  Each  of  these  straight  electro-magnets  consisted 
of  a  piece  of  drawn  iron  tube,  12  inches  long,  l|th  inch  in 
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diameter,  and  f^ths  of  an  inch  thick,  cut  longitudinally  to 
prevent  the  circulation  of  electrical  currents  in  the  iron,  and 
furnished  with  a  coil  of  210  feet  of  covered  copper  wire  T\jth 
of  an  inch  thick.  A  steel  magnet  consisting  of  a  considerable 
number  of  bars  was  fitted  up  in  order  to  excite  those  ends  of 
the  straight  electro-magnets  which  were  distant  from  the  large 
steel  magnets.     The  coils  were  arranged  for  quantity. 

Experiment  5. — Current  when  the  engine  was  kept  still, 
2081;  current  when  the  armature  was  revolving  11 4  times 
per  minute,  1300;  consumption  of  zinc,  291  grains  per  hour; 
power  developed,  10030  lbs.  raised  a  foot  per  hour.  Hence 
the  theoretical  duty  will  be 

158  (2081  -  1300) _ 

2081  ~~       '  ' 

and  the  actual  duty, 

10030       .„  „ 

^9T  =  S4'5' 

Experiment  6. —  Current  before  starting,  2035;  current 
when  revolving  192  times  per  minute,  1000;  consumption  of 
zinc,  223  grains  per  hour;  power  developed,  12,672  lbs. 
raised  a  foot  per  hour.  In  this  case  the  theoretical  duty  will 
be 

158  (2035  -  1000)  _  on,Q  . 

2035~~        -8°3' 

the  actual  performance  will  be 

-223"- 568* 

The  mean  of  the  six  experiments  gives  a  theoretical  duty  of 
78*5,  and  an  actual  duty  of  GS'G.  But,  making  allowance  for 
the  hot  solution  employed  in  the  first  two  experiments,  we 
may  state  that  the  actual  was  in  general  about  f  ths  of  the  theo- 
retical duty. 

Upon  the  whole  we  feel  ourselves  justified  in  fixing  the 
maximum  available  duty  of  an  electro- magnetic  engine  worked 
by  a  Daniell's  battery  at  80  lbs.  raised  a  foot  high  for  each 
grain  of  zinc  consumed*,  or,  in  other  words,  at  about  half  the 
theoretical  maximum  of  duty. 

Before  we  leave  this  part  of  the  subject,  we  may  state  that 
the  above  experiments  fully  bear  out  the  idea  expressed  by 

*  Dr.  Botto  states  that  45  lbs.  of  zinc  consumed  in  a  Grove's  battery  are 
sufficient  to  work  a  one-horse  power  electro-magnetic  engine  for  24  hours. 
The  intensity  of  Daniell's  battery  being  fths  of  that  of  Grove,  it  follows 
that  75  lbs.  of  zinc  would  have  been  consumed  had  Dr.  Botto  employed  a 
Daniell's  battery, — a  result  not  widely  different  from  our  own. 
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Dr.  Scoresby  in  his  "  Magnetical  Investigations/'  that  steel 
magnets  on  his  construction  may  be  employed  in  the  stationary 
part  of  the  electro-magnetic  engine  with  much  greater  advan- 
tage than  electro-magnets.  We  have  already  adverted  to  the 
imperfect  construction  of  the  magnetic  apparatus  employed 
in  the  above  experiments;  had  we  employed  one  of  equal 
weight,  but  constructed  of  thin  plates  of  hardened  steel,  and 
furnished  with  armatures  and  batteries  in  proportion,  we 
think  it  highly  probable  that  a  power  equal  to  that  of  one 
horse  might  have  been  attained,  the  whole  weight  of  the  ap- 
paratus being  considerably  under  half  a  ton. 


Having  thus  determined  the  capabilities  of  electro-magne- 
tism as  a  first  mover  of  machinery,  it  will  be  interesting  and 
instructive  to  compare  it  with  two  other  sources  of  power,  viz. 
steam  and  horses. 

1.  A  grain  of  coal  produces,  by  combustion,  sufficient  heat 
to  raise  the  temperature  of  a  lb.  of  water  1°'634.  In  other 
words,  we  may  say  that  the  vis  viva  developed  by  the  combus- 
tion of  a  grain  of  coal  is  equal  to  raise  a  weight  of  1335  lbs. 
to  the  height  of  one  foot.  Now  the  best  Cornish  steam-engines 
raise  143  lbs.  per  grain  of  coal;  whence  it  appears  that  the 
steam-engine  in  its  most  improved  state  is  not  able  to  deve- 
lope  much  more  than  y^th  of  the  vis  viva  due  to  the  combus- 
tion of  coal  into  useful  power,  the  remaining  T9y  ths  being  given 
off  in  the  form  of  heat. 

2.  A  horse,  when  its  power  is  advantageously  applied,  is 
able  to  raise  a  weight  of  24.000,000  lbs.  to  the  height  of  one 
foot  per  day.  In  the  same  time  (24  hours)  he  will  consume 
12  lbs.  of  hay  and  12  lbs.  of  corn*.  He  is  therefore  able  to 
raise  143  lbs.  by  the  consumption  of  one  grain  of  the  mixed 
food.  From  our  own  experiments  on  the  combustion  of  a 
mixture  of  hay  and  corn  in  oxygen  gas,  we  find  that  each  grain 
of  food,  consisting  of  equal  parts  of  undried  hay  and  corn,  is 
able  to  give  00,682  to  a  lb.  of  water,  a  quantity  of  heat  equi- 
valent to  the  raising  of  a  weight  of  557  lbs.  to  the  height  of  a 
foot.  Whence  it  appears,  that  one  quarter  of  the  whole 
amount  of  vis  viva  generated  by  the  combustion  of  food  in  the 

*  We  have  been  kindly  informed  by  Mr.  J.  V.  Gibson  of  Manchester, 
an  eminent  veterinary  surgeon,  that  14  lbs.  of  hay  and  10  lbs.  of  corn  is  the 
average  provender  requisite  to  support  a  horse  of  average  size,  so  as  to  en- 
able him  to  work  daily  without  any  depreciation  of  his  physical  condition. 
We  have  however  equalized  the  quantities  of  hay  and  corn,  on  account  of 
the  experiments  on  combustion  having  been  made  with  a  mixture  contain- 
ing equal  portions. 
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animal  frame,  is  capable  of  being  applied  in  producing  a  useful 
mechanical  effect, — the  remaining  three-quarters  being  re- 
quired in  order  to  keep  up  the  animal  heat,  &c. 

Prof.  Magnus  of  Berlin,  has  endeavoured  to  prove  that  the 
oxygen  which  an  animal  inspires  does  not  combine  chemically 
with  the  blood,  but  is  merely  absorbed  by  it*.  The  blood  thus 
charged  with  oxygen  arrives  in  the  capillary  vessels,  where 
the  oxygen  effects  a  chemical  combination  with  certain  sub- 
stances, converting  them  into  carbonic  acid  and  water.  The 
carbonic  acid,  instead  of  oxygen,  is  then  absorbed  by  the 
blood,  and  thus  reaches  the  lungs  to  be  removed  by  contact 
with  the  atmosphere.  Adopting  this  view,  it  becomes  exceed- 
ingly probable  that  the  whole  of  the  vis  viva  due  to  the  oxida- 
tion or  combustion  of  the  "certain  substances"  mentioned  by 
Magnus  is  developed  by  the  muscles.  The  muscles,  by  their 
motion,  can  communicate  vis  viva  to  external  objects;  and, 
by  their  friction  within  the  body,  can  develope  heat  in  various 
quantities  according  to  circumstances,  so  as  to  maintain  the 
animal  at  an  uniform  temperature.  If  these  theoretic  views 
be  correct,  they  would  lead  to  the  interesting  conclusion  (which 
is  the  same  as  that  announced  by  Matteucci  from  other  con- 
siderations) that  the  animal  frame,  though  destined  to  fulfill  so 
many  other  ends,  is,  as  an  engine,  more  perfect  in  the  ceco- 
nomy  of  vis  viva  than  the  best  of  human  contrivances. 

LXXVI.  Experimental  Researches  in  Electricity. — Twentieth 
Series.  By  Michael  Faraday,  Esq.,  D.C.L.,  F.R.S., 
Fullerian  Prof.,  fyc.  fyc. 

[Concluded  from  p.  406.] 
%  iv.  Action  of  magnets  on  metals  generally. 
22S1.  HPHE  metals,  as  a  class,  stand  amongst  bodies  having 
A  a  high  and  distinct  interest  in  relation  both  to 
magnetic  and  electric  forces, and  might  at  first  well  be  expected 
to  present  some  peculiar  phenomena,  in  relation  to  the  striking 
property  found  to  be  possessed  in  common  by  so  large  a  number 
of  substances,  so  varied  in  their  general  characters.  As  yet 
no  distinction  associated  with  conduction  or  non-conduction, 
transparent  or  opake,  solid  or  liquid,  crystalline  or  amorphous, 
whole  or  broken,  has  presented  itself;  whether  the  metals, 
distinct  as  they  ai'e  as  a  class,  would  fall  into  the  great  gene- 
ralization, or  whether  at  last  a  separation  would  occur,  was  to 
me  a  point  of  the  highest  interest. 

2288.  That  the  metals,  iron,  nickel  and  cobalt,  would  stand 
in  a  distinct  class,  appeared  almost  undoubted ;  and  it  will  be, 
*  [See  Phil.  Mag.  S.  3.  vol.  xxvii.  p.  56] .] 
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I  think,  for  the  advantage  of  the  inquiry,  that  I  should  con- 
sider them  in  a  section  apart  by  themselves.  Further,  if  any 
other  metals  appeared  to  be  magnetic,  as  these  are,  it  would 
be  right  and  expedient  to  include  them  in  the  same  class. 

2289.  My  first  point,  therefore,  was  to  examine  the  metals 
for  any  indication  of  ordinary  magnetism.  Such  an  examina- 
tion cannot  be  carried  on  by  magnets  anything  short  in  power 
of  those  to  be  used  in  the  i'urther  investigation ;  and  in  proof 
of  this  point  I  found  many  specimens  of  the  metals,  which 
appeared  to  be  perfectly  free  from  magnetism  when  in  the 
presence  of  a  magnetic  needle,  or  a  strong  horse-shoe  magnet 
(2157.),  that  yet  gave  abundant  indications  when  suspended 
near  to  one  or  both  poles  of  the  magnets  described  (2246.). 

2290  My  test  of  magnetism  was  this.  If  a  bar  of  the 
metal  to  be  examined,  about  two  inches  long,  was  suspended 
(2249.)  in  the  magnetic  field,  and  being  at  first  oblique  to  the 
axial  line,  was  upon  the  supervention  of  the  magnetic  forces 
drawn  into  the  axial  position  instead  of  being  driven  into  the 
equatorial  line,  or  remaining  in  some  oblique  direction,  then 
I  considered  it  magnetic.  Or,  if  being  near  one  magnetic 
pole,  it  was  attracted  by  the  pole,  instead  of  being  repelled, 
then  I  concluded  it  was  magnetic.  It  is  evident  that  the  test 
is  not  strict,  because,  as  before  pointed  out  (2285.),  a  body 
may  have  a  slight  degree  of  magnetic  force,  and  yet  the  power 
of  the  new  property  be  so  great  as  to  neutralize  or  surpass  it. 
In  the  first  case,  it  might  seem  neither  to  have  the  one  property 
nor  the  other ;  in  the  second  case,  it  might  appear  free  from 
magnetism,  and  possessing  the  special  property  in  a  small 
degree. 

2291.  I  obtained  the  following  metals,  so  that  when  exa- 
mined as  above,  they  did  not  appear  to  be  magnetic ;  and  in 
fact  if  magnetic,  were  so  to  an  amount  so  small  as  not  to  destroy 
the  results  of  the  other  force,  or  to  stop  the  progress  of  the 
inquiry. 


Antimony. 

Bismuth. 

Cadmium. 

Copper. 

Gold. 


Lead. 
Mercury. 
Silver. 
Tin. 

Zinc. 


2292.  The  following  metals  were,  and  are  as  yet  to  me, 
magnetic,  and  therefore  companions  of  iron,  nickel  and  co- 
balt : — 

Platinum.  I  Titanium. 

Palladium. 

2293.  Whether  all  these  metals  are  magnetic,  in  conse- 
quence of  the  presence  of  a  little  iron,  nickel,  or  cobalt  in  them, 
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or  whether  any  of  them  are  really  so  of  themselves,  I  do  not 
undertake  to  decide  at  present;  nor  do  I  mean  to  say  that  the 
metals  of  the  former  list  are  free.  I  have  been  much  struck 
by  the  apparent  freedom  from  iron  of  almost  all  the  specimens 
of  zinc,  copper,  antimony  and  bismuth,  which  I  have  exa- 
mined ;  and  it  appears  to  me  very  likely  that  some  metals,  as 
arsenic,  &c,  may  have  much  power  in  quelling  and  suppressing 
the  magnetic  properties  of  any  portion  of  iron  in  them,  whilst 
other  metals,  as  silver  or  platinum,  may  have  little  or  no 
power  in  this  respect. 

2294.  Resuming  the  consideration  of  the  influence  excited 
by  the  magnetic  force  over  those  metals  which  are  not  mag- 
netic after  the  manner  of  iron  (2291.),  I  may  state  that  there 
are  two  sets  of  effects  produced  which  require  to  be  carefully 
distinguished.  One  of  these  depends  upon  induced  magneto- 
electric  currents,  and  shall  be  resumed  hereafter  (2309.). 
The  other  includes  effects  of  the  same  nature  as  those  pro- 
duced with  heavy  glass  and  many  other  bodies  (2276.). 

2295.  All  the  non-magnetic  metals  are  subject  to  the  mag- 
netic power,  and  produce  the  same  general  effects  as  the  large 
class  of  bodies  already  described.  The  force  which  they  then 
manifest,  they  possess  in  different  degrees.  Antimony  and 
bismuth  show  it  well,  and  bismuth  appears  to  be  especially 
fitted  for  the  purpose.  It  excels  heavy  glass,  or  borate  of 
lead,  and  perhaps  phosphorus ;  and  a  small  bar  or  cylinder  of 
it  about  two  inches  long,  and  from  0'25  to  0*5  of  an  inch  in 
width,  is  as  well  fitted  to  show  the  various  peculiar  pheno- 
mena as  anything  I  have  yet  submitted  to  examination. 

2296.  To  speak  accurately,  the  bismuth  bar  which  I  em- 
ployed was  two  inches  long,  0*33  of  an  inch  wide,  and  0-2  of 
an  inch  thick.  When  this  bar  was  suspended  in  the  mag- 
netic field,  between  the  two  poles,  and  subject  to  the  magnetic 
force,  it  pointed  freely  in  the  equatorial  direction',  as  the  heavy 
glass  did  (2253.),  and  if  disturbed  from  that  position  returned 

freely  to  it.  This  latter  point,  though  perfectly  in  accordance 
with  the  former  phenomena,  is  in  such  striking  contrast  with 
the  phaenomena  presented  by  copper  and  some  other  of  the 
metals  (2309.),  as  to  require  particular  notice  here. 

2297.  The  comparative  sensibility  of  bismuth  causes  several 
movements  to  take  place  under  various  circumstances,  which 
being  complicated  in  their  nature,  require  careful  analysis  and 
explanation.  The  chief  of  these,  with  their  causes,  I  will  pro- 
ceed to  point  out. 

2298.  If  the  cylinder  electro-magnet  (2246.)  be  placed  ver- 
tically so  as  to  present  one  pole  upwards,  that  pole  will  exist 
in  the  upper  end  of  an  iron  cylinder,  having  a  flat  horizontal 
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face  cl\  inches  in  diameter.  A  small  indicating  sphere  (2266.) 
of  bismuth  hung  over  the  centre  of  this  face  and  close  to  it, 
does  not  move  by  the  magnetism.  If  the  ball  be  carried  out- 
wards, half  way,  for  instance,  between  the  centre  and  the  edge, 
the  magnetism  makes  it  move  inwards,  or  towards  the  axis 
(prolonged)  of  the  iron  cylinder.  If  carried  still  further  out- 
wards, it  still  moves  inwards  under  the  influence  of  the  mag- 
netism, and  such  continues  to  be  the  case  until  it  is  placed 
just  over  the  edge  of  the  terminal  face  of  the  core,  where  it 
has  no  motion  at  all  (here,  by  another  arrangement  of  the  ex- 
periment, it  is  known  to  tend  in  what  is  at  present  an  upward 
direction  from  the  core).  If  carried  a  little  further  outwards, 
the  magnetism  then  makes  the  bismuth  ball  tend  to  go  out- 
wards or  be  repelled,  and  such  continues  to  be  the  direction 
of  the  force  in  any  further  position,  or  down  the  side  of  the 
end  of  the  core. 

229.9.  In  fact,  the  circular  edge  formed  by  the  intersection 
of  the  end  of  the  core  with  its  sides,  is  virtually  the  apex  of 
the  magnetic  pole,  to  a  body  placed  like  the  bismuth  ball  close 
to  it,  and  it  is  because  the  lines  of  magnetic  force  issuing  from 
it  diverge  as  it  were,  and  weaken  rapidly  in  all  directions  from 
it,  that  the  ball  also  tends  to  pass  in  all  directions  either  in- 
wards or  upwards,  or  outwards  from  it,  and  thus  produces 
the  motions  described.  These  same  effects  do  not  in  fact  all 
occur  when  the  ball,  being  taken  to  a  greater  distance  from 
the  iron,  is  placed  in  magnetic  curves,  having  generally  a 
simpler  direction.  In  order  to  remove  the  effect  of  the  edge, 
an  iron  cone  was  placed  on  the  top  of  the  core,  converting 
the  flat  end  into  a  cone,  and  then  the  indicating  ball  was 
urged  to  move  upwards,  only  when  over  the  apex  of  the  cone, 
and  upward  and  outwards,  as  it  was  more  or  less  on  one  side 
of  it,  being  always  repelled  from  the  pole  in  that  direction, 
which  transferred  it  most  rapidly  from  strong  to  weaker  points 
of  magnetic  force. 

2300.  To  return  to  the  vertical  flat  pole  :  when  a  horizontal 
bar  of  bismuth  was  suspended  concentrically  and  close  to  the 
pole,  it  could  take  up  a  position  in  any  direction  relative  to 
the  axis  of  the  pole,  having  at  the  same  time  a  tendency  to 
move  upwards  or  be  repelled  from  it.  If  its  point  of  suspen- 
sion was  a  little  excentric,  the  bar  gradually  turned,  until  it 
was  parallel  to  a  line  joining  its  point  of  suspension  with  the  pro- 
longed axis  of  the  pole,  and  the  centre  of  gravity  moved  inwards. 
When  its  point  of  suspension  was  just  outside  the  edge  of  the 
flat  circular  terminating  face,  and  the  bar  formed  a  certain 
angle  with  a  radial  line  joining  the  axis  of  the  core  and  the 
point  of  suspension,  then  the  movements  of  the  bar  were  un- 
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certain  and  wavering.  If  the  angle  with  the  radial  line  were 
less  than  that  above,  the  bar  would  move  into  parallelism 
with  the  radius.and  go  inwards:  if  the  angle  were  greater,  the 
bar  would  move  until  perpendicular  to  the  radial  line  and  go 
outwards.  If  the  centre  of  the  bar  were  still  further  out  than 
in  the  last  case,  or  down  by  the  side  of  the  core,  the  bar  would 
always  place  itself  perpendicular  to  the  radius  and  go  outwards. 
All  these  complications  of  motion  are  easily  resolved  into  their 
simple  elementary  origin,  if  reference  be  had  to  the  character 
of  the  circular  angle  bounding  the  end  of  the  core;  to  the  di- 
rection of  the  magnetic  lines  of  force  issuing  from  it  and  the 
other  parts  of  the  pole;  to  the  position  of  the  different  parts 
of  the  bar  in  these  lines;  and  the  ruling  principle  that  each 
particle  tends  to  go  by  the  nearest  course  from  strong  to 
weaker  points  of  magnetic  force. 

2301.  The  bismuth  points  well,  and  is  well  repelled  (2296.) 
when  immersed  in  water,  alcohol,  aether,  oil,  mercury,  &c, 
and  also  when  inclosed  within  vessels  of  earth,  glass,  copper, 
lead,  &c.  (2272.),  or  when  screens  of  0*75  or  I  inch  in  thick- 
ness of  bismuth,  copper  or  lead  intervene.  Even  when  a 
bismuth  cube  (2266.)  was  placed  in  an  iron  vessel  2|  inches 
in  diameter  and  017  of  an  inch  in  thickness,  it  was  well  and 
freely  repelled  by  the  magnetic  pole. 

2302.  Whether  the  bismuth  be  in  one  piece  or  in  very  fine 
powder,  appears  to  make  no  difference  in  the  character  or  in 
the  degree  of  its  magnetic  property  (2283.). 

2303.  I  made  many  experiments  with  masses  and  bars  of 
bismuth  suspended,  or  otherwise  circumstanced,  to  ascertain 
whether  two  pieces  had  any  mutual  action  on  each  other,  either 
of  attraction  or  repulsion,  whilst  jointly  under  the  influence  of 
the  magnetic  forces,  but  I  could  not  find  any  indication  of 
such  mutual  action:  they  appeared  to  be  perfectly  indifferent 
one  to  another,  each  tending  only  to  go  from  stronger  to 
weaker  points  of  magnetic  power. 

2304.  Bismuth,  in  very  fine  powder,  was  sprinkled  upon 
paper,  laid  over  the  horizontal  circular  termination  of  the  ver- 
tical pole  (2246.).  If  the  paper  were  tapped,  the  magnet  not 
being  excited,  nothing  particular  occurred;  but  if  the  mag- 
netic power  were  on,  then  the  powder  retreated  in  both  di- 
rections, inwards  and  outwards,  from  a  circular  line  just  over 
the  edge  of  the  core,  leaving  the  circle  clear,  and  at  the  same 
time  showing  the  tendency  of  the  particles  of  bismuth  in  all 
directions  from  that  line  (2299.). 

2305.  When  the  pole  was  terminated  by  a  cone  (2246.) 
and  the  magnet  not  in  action,  paper  with  bismuth  powder 
sprinkled  over  it  being  drawn  over  the  point  of  the  cone,  gave 
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no  particular  result;  but  when  the  magnetism  was  on.  such  an 
operation  cleared  the  powder  from  every  point  which  came 
over  the  cone,  so  that  a  mark  was  traced  or  written  out  in 
clear  lines  running  through  the  powder,  and  showing  every 
place  where  the  pole  had  passed. 

2306.  The  bar  of  bismuth  and  a  bar  of  antimony  was  found 
to  set  equatorially  between  the  poles  of  the  ordinary  horse- 
shoe magnet. 

2307.  The  following  list  may  serve  to  give  an  idea  of  the 
apparent  order  of  some  metals,  as  regards  their  power  of  pro- 
ducing these  new  effects,  but  I  cannot  be  sure  that  they  are 
perfectly  free  from  the  magnetic  metals.  In  addition  to  that, 
there  are  certain  other  effects  produced  by  the  action  of  mag- 
netism on  metals  (2309.)  which  greatly  interfere  with  the  re- 
sults due  to  the  present  property. 

Bismuth.  Cadmium. 

Antimony.  Mercury. 

Zinc.  Silver. 

Tin.  Copper. 

2308.  I  have  a  vague  impression  that  the  repulsion  of  bis- 
muth by  a  magnet  has  been  observed  and  published  several 
years  ago.  If  so,  it  will  appear  that  what  must  then  have 
been  considered  as  a  peculiar  and  isolated  effect,  was  the  con- 
sequence of  a  general  property,  which  is  now  shown  to  belong 
to  all  matter*. 


2309.  I  now  turn  to  the  consideration  of  some  peculiar 
phaenomena  which  are  presented  by  copper  and  several  of  the 
metals  when  they  are  subjected  to  the  action  of  magnetic 
forces,  and  which  so  tend  to  mask  effects  of  the  kind  already 
described,  that  if  not  known  to  the  inquirer  they  would  lead  to 
much  confusion  and  doubt.  These  I  will  first  describe  as  to 
their  appearances,  and  then  proceed  to  consider  their  origin. 

2310.  If  instead  of  a  bar  of  bismuth  (2296.)  a  bar  of  copper 
of  the  same  size  be  suspended  between  the  poles  (2247.),  and 

*  M.  de  la  Rive  has  this  day  referred  me  to  the  Bibliotheqite  Umversclle 
for  1829,  tome  xl.  p.  82,  where  it  will  be  found  that  the  experiment  spoken 
of  above  is  due  to  M.  la  Baillif  of  Paris.  M.  la  Baillif  showed  sixteen  years 
ago  that  both  bismuth  and  antimony  repelled  the  magnetic  needle.  It  is 
astonishing  that  such  an  experiment  has  remained  so  long  without  further 
results.  I  rejoice  that  I  am  able  to  insert  this  reference  before  the  present 
series  of  these  researches  goes  to  press.  Those  who  read  my  papers  will 
see  here,  as  on  many  other  occasions,  the  results  of  a  memory  which  be- 
comes continually  weaker;  I  only  hope  that  they  will  be  excused,  and  that 
omissions  and  errors  of  that  nature  will  be  considered  as  involuntary. — 
M.  F.  December  30,  1845. 
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magnetic  power  be  developed  whilst  the  bar  is  in  a  position 
oblique  to  the  axial  and  equatorial  lines,  the  experimenter  will 
perceive  the  bar  to  be  affected,  but  this  will  not  be  manifest 
by  any  tendency  of  the  bar  to  go  to  the  equatorial  line;  on 
the  contrary,  it  will  advance  towards  the  axial  position  as  if 
it  were  magnetic.  It  will  not  however  continue  its  course 
until  in  that  position,  but,  unlike  any  effect  produced  by  mag- 
netism, will  stop  short,  and  making  no  vibration  beyond  or 
about  a  given  point,  will  remain  there  coming  at  once  to  a 
dead  rest:  and  this  it  will  do  even  though  the  bar  by  the  ef- 
fect of  torsion  or  momentum  was  previously  moving  with  a 
force  that  would  have  caused  it  to  make  several  gyrations. 
This  effect  is  in  striking  contrast  with  that  which  occurs  when 
antimony,  bismuth,  heavy  glass,  or  other  such  bodies  are  em- 
ployed, and  it  is  equally  removed  from  an  ordinary  magnetic 
effect. 

2311.  The  position  which  the  bar  has  taken  up  it  retains 
with  a  considerable  degree  of  tenacity,  provided  the  magnetic 
force  be  continued.  If  pushed  out  of  it,  it  does  not  return 
into  it,  but  takes  up  its  new  position  in  the  same  manner,  and 
holds  it  with  the  same  stiffness;  a  push  however,  which  would* 
make  the  bar  spin  round  several  times  if  no  magnetism  were 
present,  will  now  not  move  it  through  more  than  20°  or  30°. 
This  is  not  the  case  with  bismuth  or  heavy  glass;  they  vibrate 
freely  in  the  magnetic  field,  and  always  return  to  the  equato- 
rial position. 

2312.  The  position  taken  up  by  the  bar  may  be  any  posi- 
tion. The  bar  is  moved  a  little  at  the  instant  of  superinducing 
the  magnetism,  but  allowing  and  providing  for  that,  it  may  be 
finally  fixed  in  any  position  required.  Even  when  swinging 
with  considerable  power  by  torsion  or  momentum,  it  may  be 
caught  and  retained  in  any  place  the  experimenter  wishes. 

2313.  There  are  two  positions  in  which  the  bar  may  be 
placed  at  the  beginning  of  the  experiment,  from  which  the 
magnetism  does  not  move  it,  the  equatorial  and  the  axial  po- 
sitions. When  the  bar  is  nearly  midway  between  these,  it  is 
usually  most  strongly  affected  by  the  first  action  of  the  mag- 
net, but  the  position  of  most  effect  varies  with  the  form  and 
dimensions  of  the  magnetic  poles  and  of  the  bar. 

2314.  If  the  centre  of  suspension  of  the  bar  be  in  the  axial 
line,  but  near  to  one  of  the  poles,  these  movements  occur  well, 
and  are  clear  and  distinct  in  their  direction :  if  it  be  in  the 
equatorial  line,  but  on  one  side  of  the  axial  line,  they  are  mo- 
dified, but  in  a  manner  which  will  easily  be  understood  here- 
after. 

2315.  Having  thus  stated  the  effect  of  the  supervention  of 
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the  magnetic  force,  let  us  now  remark  what  occurs  at  the 
moment  of  its  cessation;  for  during  its  continuance  there  is 
no  change.  If,  then,  after  the  magnetism  has  been  sustained 
for  two  or  three  seconds,  the  electric  current  be  stopped, 
there  is  instantly  a  strong  action  on  the  bar,  which  has  the 
appearance  of  a  revulsion  (for  the  bar  returns  upon  the  course 
which  it  took  for  a  moment  when  the  electric  contact  was 
made),  but  with  such  force,  that  whereas  the  advance  might 
be  perhaps  15°  or  20°,  the  revulsion  will  cause  the  bar  occa- 
sionally to  move  through  two  or  three  revolutions. 

2316.  Heavy  glass  or  bismuth  presents  no  such  pheno- 
mena as  this. 

2317.  If)  whilst  the  bar  is  revolving  from  revulsion  the 
electric  current  at  the  magnet  be  renewed,  the  bar  instantly 
stops  with  the  former  appearances  and  results  (2310.),  and 
then  upon  removing  the  magnetic  force  is  affected  again, 
and,  of  course,  now  in  a  contrary  direction  to  the  former  re- 
vulsion. 

2318.  When  the  bar  is  caught  by  the  magnetic  force  in  the 
axial  or  equatorial  position,  there  is  no  revulsion.  When  in- 
clined to  these  positions  there  is;  and  the  places  most  power- 
ful in  this  respect  appear  to  be  those  most  favourable  to  the 
first  brief  advance  (2313.).  If  the  bar  be  in  a  position  at 
which  strong  revulsion  would  occur,  and  whilst  the  mag- 
netism is  continued  be  moved  by  hand  into  the  equatorial  or 
axial  position,  then  on  taking  off  the  magnetic  force  there  is 
no  revulsion. 

2319.  If  the  continuance  of  the  electric  current  and  conse- 
quently of  the  magnetism  be  for  a  moment  only,  the  revulsion 
is  very  little,  and  the  shorter  the  continuance  of  the  magnetic 
force  the  less  is  the  revulsion.  If  the  magnetic  force  be  con- 
tinued for  two  or  three  seconds  and  then  interrupted  and  in- 
stantly renewed,  the  bar  is  loosened  and  caught  again  by  the 
power  before  it  sensibly  changes  its  place;  and  now  it  may 
be  observed  that  it  does  not  advance  on  the  renewal  of  the 
force  as  it  would  have  done  had  it  been  acted  on  by  a  first  con- 
tact in  that  place  (2310.) ;  i.  e.  if  the  bar  be  in  a  certain  place  in- 
clined to  the  axial  position,  the  first  supervention  of  the  mag- 
netic power  causes  it  to  advance  towards  the  axial  position;  but 
the  bar  being  in  the  same  place  and  the  magnetic  power  sus- 
pended and  instantly  renewed,  the  second  supervention  of  force 
does  not  move  the  bar  as  the  first  did. 

2320.  When  the  copper  bar  is  immersed  in  water,  alcohol, 
or  even  mercury,  the  same  effects  take  place  as  in  the  air,  but 
the  movements  are,  of  course,  not  to  the  same  extent. 

2321.  When  plates  of  copper  or  bismuth,  an  inch  in  thick- 
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ness,  intervene  between  the  poles  and  the  copper  bar,  the 
same  results  occur. 

2322.  If  one  magnetic  pole  only  be  employed  the  effects 
occur  near  it  as  well  as  before,  provided  that  pole  have  a  face 
large  in  proportion  to  the  bar,  as  the  end  of  the  iron  core 
(2246.) :  but  if  the  pole  be  pointed  by  the  use  of  the  conical 
termination,  or  if  the  bar  be  opposite  the  edge  of  the  end  of 
the  core,  then  they  become  greatly  enfeebled  or  disappear 
altogether;  and  only  the  general  fact  of  repulsion  remains 
(2295.). 

2323.  The  peculiar  effects  which  have  just  been  described 
are  perhaps  more  strikingly  shown  if  the  bar  of  copper  be 
suspended  perpendicularly,  and  then  hung  opposite  and  near 
to  the  large  face  of  a  single  magnetic  pole,  or  the  pole  being 
placed  vertically,  as  described  (2246.  2263.),  anywhere  near 
to  its  side.  The  bar,  it  will  be  remembered,  is  two  inches  in 
length  by  0'33  of  an  inch  in  width,  and  0*2  of  an  inch  in 
thickness,  and  as  it  now  will  revolve  on  an  axis  parallel  to  its 
length,  the  two  smaller  dimensions  are  those  which  are  free  to 
move  into  new  positions.  In  this  case  the  establishment  of  the 
magnetic  force  causes  the  bar  to  turn  a  little  in  accordance 
with  the  effects  before  described,  and  the  removal  of  the  mag- 
netic force  causes  a  revulsion,  which  sends  the  bar  spinning 
round  on  its  axis  several  times.  But  at  any  moment  the  bar 
can  again  be  caught  and  held  in  a  position  as  before.  The 
tendency  on  making  contact  at  the  battery  is  to  place  the 
longest  moving  dimension,  i.  e.  the  width  of  the  bar,  parallel  to 
the  line  joining  the  centre  of  action  of  the  magnet  and  the  bar. 

2324.  The  bar,  as  before  (2311.),  is  extremely  sluggish  and 
as  if  immersed  in  a  dense  fluid,  as  respects  rotation  on  its  own 
axis ;  but  this  sluggishness  does  not  affect  the  bar  as  a  whole, 
for  any  pendulum  vibration  it  has  continues  unaffected.  It  is 
very  curious  to  see  the  bar,  jointly  vibrating  from  its  point  of 
suspension  (2249.)  and  rotating  on  its  axis,  when  first  affected 
by  the  magnetic  force,  for  instantly  the  latter  motion  ceases, 
but  the  former  goes  on  with  undiminished  power. 

2325.  The  same  effect  of  sluggishness  occurs  with  a  cube 
or  a  globe  of  copper  as  with  the  bar,  but  the  phaenomena  of 
the  first  turn  and  the  revulsion  cease  (2310.  2315.). 

2326.  The  bars  of  bismuth  and  heavy  glass  present  no  ap- 
pearance of  this  kind.  The  peculiar  phaenomena  produced  by 
copper  are  as  distinct  from  the  actions  of  these  substances  as 
they  are  from  ordinary  magnetic  actions. 

2327.  Endeavouring  to  explain  the  cause  of  these  effects, 
it  appears  to  me  that  they  depend  upon  the  excellent  con- 
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ducting  power  of  copper  for  electric  currents,  the  gradual  ac- 
quisition and  loss  of  magnetic  power  by  the  iron  core  of  the 
electro- magnet,  and  the  production  of  those  induced  currents 
of  magneto-electricity  which  I  described  in  the  First  Series  of 
these  Experimental  Researches  (55.  109.). 

2328.  The  obstruction  to  motion  on  its  own  axis,  when  the 
bar  is  subjected  to  the  magnetic  forces,  belongs  equally  to  the 
form  of  a  sphere  or  a  cube.  It  belongs  to  these  bodies,  how- 
ever, only  when  their  axes  of  rotation  are  perpendicular  or 
oblique  to  the  lines  of  magnetic  force,  and  not  when  they  are 
parallel  to  it;  for  the  horizontal  bar,  or  the  vertical  bar,  or 
the  cube  or  sphere,  rotate  with  perfect  facility  when  they  are 
suspended  above  the  vertical  pole  (2246.),  the  rotation  and  vi- 
bration being  then  equally  free,  and  the  same  as  the  corre- 
sponding movements  of  bismuth  or  heavy  glass.  The  obstruc- 
tion is  at  a  maximum  when  the  axis  of  rotation  is  perpendi- 
cular to  the  lines  of  magnetic  force,  and  when  the  bar  or  cube, 
&c.  is  near  to  the  magnet. 

2329.  Without  going  much  into  the  particular  circum- 
stances, I  may  say  that  the  effect  is  fully  explained  by  the 
electric  currents  induced  in  the  copper  mass.  By  reference 
to  the  Second  Series  of  these  Researches  (160.),  it  will  be 
seen  that  when  a  globe,  subject  to  the  action  of  lines  of  mag- 
netic force,  is  revolving  on  an  axis  perpendicular  to  these  lines, 
an  electric  current  runs  round  it  in  a  plane  parallel  to  the 
axis  of  rotation  and  to  the  magnetic  lines,  producing  conse- 
quently a  magnetic  axis  in  the  globe,  at  right  angles  to  the 
magnetic  curves  of  the  inducing  magnet.  The  magnetic 
poles  of  this  axis  therefore  are  in  that  direction  which,  in  con- 
junction with  the  chief  magnetic  pole,  tends  to  draw  the  globe 
back  against  the  direction  in  which  it  is  revolving.  Thus, 
if  a  piece  of  copper  be  revolving  before  a  north  magnetic 
pole,  so  that  the  parts  nearest  the  pole  move  towards  the 
right-hand,  then  the  right-hand  side  of  that  copper  will  have 
a  south  magnetic  state,  and  the  left-hand  side  a  north  mag- 
netic state ;  and  these  states  will  tend  to  counteract  the  motion 
of  the  copper  towards  the  right-hand :  or  if  it  revolve  in  the 
contrary  direction,  then  the  right-hand  side  will  have  a  south 
magnetic  state,  and  the  left-hand  side  a  north  magnetic  state. 
Whichever  way,  therefore,  the  copper  tends  to  revolve  on  its 
own  axis,  the  instant  it  moves,  a  power  is  evolved  in  such  a 
direction  as  tends  to  stop  its  motion  and  bring  it  to  rest. 
Being  at  rest  in  reference  to  this  direction  of  motion,  then 
there  is  no  residual  or  other  effect  which  tends  to  disturb  it, 
and  it  remains  still. 
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2330.  If  the  whole  mass  be  moving  parallel  to  itself,  and 
be  small  in  comparison  with  the  face  of  the  magnetic  pole 
opposite  to  which  it  is  placed,  then,  though  it  pass  through 
the  magnetic  lines  of  force,  and  consequently  have  a  tendency 
to  the  formation  of  magneto-electric  currents  within  it,  yet  as 
all  parts  move  with  equal  velocity  and  in  the  same  direction 
through  similar  magnetic  lines  of  force,  the  tendency  to  the 
formation  of  a  current  is  the  same  in  every  part,  and  there  is 
no  actual  production  of  current,  and  consequently  nothing 
occurs  which  can  in  any  way  interfere  with  its  freedom  of. 
motion.  Hence  the  reason  that  though  the  rotation  of  the 
bar  or  cube  (2324.  2328.)  upon  its  own  axis  is  stopped,  its  vi- 
bration as  a  pendulum  is  not  affected. 

2331.  That  neither  the  one  nor  the  other  motion  is  affected 
when  the  bar  or  cube  is  over  the  vertical  pole  (2328.),  is 
simply  because  in  both  cases  (with  the  given  dimensions  of  the 
pole  and  the  moving  metal)  the  lines  of  particles  through  which 
the  induced  currents  tend  to  move  are  parallel  throughout  the 
whole  mass;  and  therefore,  as  there  is  no  part  by  which  the 
return  of  the  current  can  be  carried  on,  no  current  can  be 
formed. 

2332.  Before  proceeding  to  the  explanation  of  the  other 
phaenomena,  it  will  be  necessary  to  point  out  the  fact  generally 
understood  and  acknowledged,  I  believe,  that  time  is  required 
for  the  development  of  magnetism  in  an  iron  core  by  a  current 
of  electricity ;  and  also  for  its  fall  back  again  when  the  current 
is  stopped.  One  effect  of  the  gradual  rise  in  power  was  re- 
ferred to  in  the  last  series  of  these  Researches  (2170.).  This 
time  is  probably  longer  with  iron  not  well  annealed  than  with 
very  good  and  perfectly  annealed  iron.  The  last  portions  of 
magnetism  which  a  given  current  can  develope  in  a  certain 
core  of  iron,  are  also  apparently  acquired  more  slowly  than 
the  first  portions;  and  these  portions  (or  the  condition  of 
iron  to  which  they  are  due)  also  appear  to  be  lost  more  slowly 
than  the  other  portions  of  the  power.  If  electric  contact  be 
made  for  an  instant  only,  the  magnetism  developed  by  the 
current  disappears  as  instantly  on  the  breaking  of  the  current, 
as  it  appeared  on  its  formation ;  but  if  contact  be  continued 
for  three  or  four  seconds,  breaking  the  contact  is  by  no  means 
accompanied  by  a  disappearance  of  the  magnetism  with  equal 
rapidity. 

2333.  In  order  to  trace  the  peculiar  effect  of  the  copper, 
and  its  cause,  let  us  consider  the  condition  of  the  horizontal 
bar  (2310.  2313.)  when  in  the  equatorial  position,  between  the 
two  magnetic  poles,  or  before  a  single  pole ;  the  point  of  sus- 
pension being  in  a  line  with  the  axis  of  the  pole  and  its  ex- 
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citing  wire  helix.  On  sending  an  electric  current  through  the 
helix,  both  it  and  the  magnet  it  produces  will  conduce  to  the 
formation  of  currents  in  the  copper  bar  in  the  contrary  direc- 
tion. This  is  shown  from  my  former  researches  (26.),  and 
may  be  proved,  by  placing  a  small  or  large  wire  helix-shaped 
(if  it  be  desired)  in  the  form  of  the  bar,  and  carrying  away  the 
currents  produced  in  it,  by  wires  to  a  galvanometer  at  a  dis- 
tance. Such  currents  being  produced  in  the  copper,  only 
continue  whilst  the  magnetism  of  the  core  is  rising  and  then 
.  cease  (18.  39.),  but  whilst  they  continue,  they  give  a  virtual 
magnetic  polarity  to  that  face  of  the  copper  bar  which  is  op- 
posite to  a  certain  pole,  the  polarity  being  the  same  in  kind  as 
the  pole  it  faces.  Thus  on  the  side  of  the  bar  facing  the 
north  pole  of  the  magnet,  a  north  polarity  will  be  developed ; 
and  on  that  side  facing  the  south  pole,  a  south  polarity  will  be 
generated. 

2334.  It  is  easy  to  see  that  if  the  copper  during  this  time 
were  opposite  only  one  pole,  or  being  between  two  poles,  were 
nearer  to  one  than  the  other,  this  effect  would  cause  its  repul- 
sion. Still,  it  cannot  account  for  the  whole  amount  of  the  re- 
pulsion observed  alike  with  copper  as  with  bismuth  (2295.), 
because  the  currents  are  of  but  momentary  duration,  and  the 
repulsion  due  to  them  would  cease  with  them.  They  do, 
however,  cause  a  brief  repulsive  effort,  to  which  is  chiefly  due 
the  first  part  of  the  peculiar  effect. 

2335.  For  if  the  copper  bar,  instead  of  being  parallel  to 
the  face  of  the  magnetic  pole,  and  therefore  at  right  angles  to 
the  resultant  of  magnetic  force,  be  inclined,  forming,  lor  in- 
stance, an  angle  of  45°  with  the  face,  then  the  induced  currents 
will  move  generally  in  a  plane  corresponding  more  or  less  to 
that  angle,  nearly  as  they  do  in  the  examining  helix  (2333.), 
if  it  be  inclined  in  the  same  manner.  This  throws  the  polar 
axis  of  the  bar  of  copper  on  one  side,  so  that  the  north  polarity 
is  not  directly  opposed  to  the  north  pole  of  the  inducing  mag- 
net, and  hence  the  action  both  of  this  and  the  other  mag- 
netic pole  upon  the  two  polarities  of  the  copper  will  be  to  send 
it  further  round,  or  to  place  it  edgeways  to  the  poles,  or  with 
its  breadth  parallel  to  the  magnetic  resultant  passing  through 
it  (2323.) :  the  bar  therefore  receives  an  impulse,  and  the  angle 
of  it  nearest  to  the  magnet  appears  to  be  pulled  up  towards 
the  magnet.  This  action  of  course  stops  the  instant  the  mag- 
netism of  the  helix  core  ceases  to  rise,  and  then  the  motion 
due  to  this  cause  ceases,  and  the  copper  is  simply  subject  to 
the  action  before  described  (2295.).  At  the  same  time  that 
this  twist  or  small  portion  of  a  turn  round  the  point  of  sus- 
pension occurs,  the  centre  of  gravity  of  the  whole  mass  is  re- 
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pelled,  and  thus  I  believe  all  the  actions  up  to  this  condition 
of  things  is  accounted  for. 

2336.  Then  comes  the  revulsion  which  occurs  upon  the 
cessation  of  the  electric  current,  and  the  falling  of  the  mag- 
netism in  the  core.  According  to  the  law  of  magneto-electric 
induction,  the  disappearance  of  the  magnetic  force  will  induce 
brief  currents  in  the  copper  bar  (28.),  but  in  the  contrary 
direction  to  those  induced  in  the  first  instance;  and  there- 
fore the  virtual  magnetic  pole  belonging  to  the  copper  for 
the  moment,  which  is  nearest  the  north  end  of  the  electro- 
magnet, will  be  a  south  pole;  and  that  which  is  furthest  from 
the  same  pole  of  the  magnet  will  be  a  north  pole.  Hence 
will  arise  an  exertion  of  force  on  the  bar  tending  to  turn  it 
round  its  centre  of  suspension  in  the  contrary  direction  to  that 
which  occurred  before,  and  hence  the  apparent  revulsion ;  for 
the  angle  nearest  the  magnetic  pole  will  recede  from  it,  the 
broad  face  (2323.)  or  length  (231.5.)  of  the  bar  will  come  round 
and  face  towards  the  magnet,  and  an  action  the  reverse  in 
every  respect  of  the  first,  action  will  take  place,  except  that 
whereas  the  motion  was  then  only  a  few  degrees,  now  it  may 
extend  to  two  or  three  revolutions. 

2337.  The  cause  of  this  difference  is  very  obvious.  In  the 
first  instance,  the  bar  of  copper  was  moving  under  influences 
powerfully  tending  to  retard  and  stop  it  (2329.) ;  in  the  second 
case  these  influences  are  gone,  and  the  bar  revolves  freely  with 
a  force  proportionate  to  the  power  exerted  by  the  magnet  upon 
the  currents  induced  by  its  own  action. 

2338.  Even  when  the  copper  is  of  such  form  as  not  to  give 
the  oblique  resultant  of  magnetic  action  from  the  currents  in- 
duced in  it,  when,  for  instance,  it  is  a  cube  or  a  sphere,  still 
the  effect  of  the  action  described  above  is  evident  (2325.). 
When  a  plate  of  copper  about  three-fourths  of  an  inch  in 
thickness,  and  weighing  two  pounds,  was  sustained  upon  some 
loose  blocks  of  wood  and  placed  about  0*1  of  an  inch  from  the 
face  of  the  magnetic  pole,  it  was  repelled  and  held  off  a  certain 
distance  upon  the  making  and  continuing  of  electric  contact 
at  the  battery ;  and  when  the  battery  current  was  stopped,  it 
returned  towards  the  pole;  but  the  return  was  much  more 
powerful  than  that  due  to  gravity  alone  (as  was  ascertained  by 
an  experiment),  the  plate  being  at  that  moment  actually  at- 
tracted^ as  well  as  tending  by  gravitation  towards  the  magnet, 
so  that  it  gave  a  strong  tap  against  it. 

2339.  Such  is,  I  believe,  the  explanation  of  the  peculiar 
phamomena  presented  by  copper  in  the  magnetic  field ;  and 
the  reason  why  they  appear  with  this  metal  and  not  with  bis- 
muth or  heavy  glass,  is  almost  certainly  to  be  found  in  its  high 
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electro-conducting  power,  which  permits  the  formation  of  cur- 
rents in  it  by  inductive  forces,  that  cannot  produce  the  same 
in  a  corresponding  degree  in  bismuth,  and  of  course  not  at  all 
in  heavy  glass. 

2340.  Any  ordinary  magnetism  due  to  metals  by  virtue  of 
their  inherent  power,  or  the  presence  of  small  portions  of  the 
magnetic  metals  in  them,  must  oppose  the  development  of  the 
results  I  have  been  describing :  and  hence  metals  not  of  abso- 
lute purity  cannot  be  compared  with  each  other  in  this  respect. 
I  have,  nevertheless,  observed  the  same  phaenomena  in  other 
metals;  and  as  far  as  regards  the  sluggishness  of  rotatory  mo- 
tion, traced  it  even  into  bismuth.  The  following  are  the 
metals  which  have  presented  the  phasnomena  in  a  greater  or 
smaller  degree : — 


Copper. 

Silver. 

Gold. 

Zinc. 

Cadmium. 

Tin. 


Mercury. 

Platinum. 

Palladium. 

Lead. 

Antimony. 

Bismuth. 


2341.  The  accordance  of  these  phenomena  with  the 
beautiful  discovery  of  Arago*,  with  the  results  of  the  experi- 
ments of  Herschel  and  Babbagef,  and  with  my  own  former 
inquiries  (81.)J,  are  very  evident.  Whether  the  effect  ob- 
tained by  Ampere,  with  his  copper  cylinder  and  a  helix§,  was 
of  this  nature,  I  cannot  judge,  inasmuch  as  the  circumstances 
of  the  experiment  and  the  energy  of  the  apparatus  are  not 
sufficiently  stated ;  but  it  probably  may  have  been. 

2342.  As,  because  of  other  duties,  three  or  four  weeks  may 
elapse  before  I  shall  be  able  to  complete  the  verification  of 
certain  experiments  and  conclusions,  I  submit  at  once  these 
results  to  the  attention  of  the  Royal  Society,  and  will  shortly 
embody  the  account  of  the  action  of  magnets  on  magnetic 
metals,  their  action  on  gases  and  vapours,  and  the  general 
considerations  in  another  series  of  these  Researches. 

Royal  Institution,  Nov.  27,  1845. 

*  Annates  de  Chimie,  xxvii.  363;  xxviii.  325;  xxxii.  213.  I  am  very 
glad  to  refer  here  to  the  Comj)tcs  Iiendus  of  June  9, 1845,  where  it  appears 
that  it  was  M.  Arago  who  first  obtained  his  peculiar  results  by  the  use  of 
electro-  as  well  as  common  magnets. 

t  Philosophical  Transactions,  1825,  p.  467.  f  Ibid.  1832.  p.  146. 

§  Bibliolheque  Universale,  xxi.  p.  48. 
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LXXVII.  On  the  Equations  applying  to  Light  under  the 
action  of  Magnetism.  By  G.  B.  Airy,  Esq.,  Astronomer 
Royal. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen, 

"D  Y  the  indulgence  of  Dr.  Faraday,  I  have  been  able  to 
nr  observe  in  the  most  satisfactory  way  the  phaenomena  of 
the  rotation  of  the  plane  of  polarization  of  light  passing 
through  boracic  glass  and  other  media  under  the  action  of 
magnetic  currents  passing  nearly  in  the  direction  of  the  light. 
And  in  particular  I  have  verified  the  very  remarkable  fact  that, 
upon  passing  the  light  successively  in  opposite  directions 
while  the  magnetic  adjustments  remain  the  same,  the  plane  of 
polarization  undergoes  the  same  change  of  position  in  regard 
to  space,  or  undergoes  opposite  changes  of  position  in  regard 
to  the  expression  of  "  rotation  to  the  right,"  or  "  rotation  to 
the  left,"  as  referred  to  the  eye  of  the  observer. 

On  reflecting  upon  the  important  fact  that  this  change  is 
not  produced  except  there  be  an  intermediate  diaphanous 
body,  it  seems  impossible  not  to  conceive  that  the  effect  on 
the  light  is  produced  mediately  by  the  action  of  the  magnetic 
forces  on  the  diaphanous  body.  The  object  of  this  commu- 
nication is  to  point  out  what,  as  I  conceive,  must  be  the  form 
of  the  mathematical  equations  existing  among  the  movements 
of  the  particles  of  the  glass,  &c.  or  its  contained  aether,  in 
order  to  explain  the  phfenomena  on  mechanical  laws. 

In  order  to  justify  my  intruding  upon  you  with  a  suggestion 
which  is  exceedingly  imperfect,  I  think  it  right  to  state  to  you 
my  opinion  upon  the  present  condition  of  the  optical  theory, 
and  upon  several  steps  which,  though  leading  to  nothing  con- 
clusive, have  nevertheless  contributed  to  the  real  intellectual 
progress  of  the  science. 

On  the  truth  of  the  undulatory  theory,  as  regards  the  geo- 
metrical representation  of  light  by  undulations  based  upon 
transversal  vibrations,  the  resolution  of  which  into  vibrations 
at  right  angles  to  each  other  constitutes  polarization,  I  have 
not  the  shadow  of  a  doubt.  These  undulations,  whatever 
may  be  the  way  in  which  they  may  have  been  originally  cre- 
ated, I  conceive  to  be  propagated  by  mechanical  laws  applying 
to  the  attractive  or  repulsive  forces  of  the  particles  of  the 
medium,  the  assumed  aether,  or  the  medium  and  the  aether 
combined.  But  I  have  seen  no  mechanical  theory  to  which  I 
attach  much  importance  or  any  unqualified  belief.  Never- 
theless I  think  that  the  investigation  and  publication  of  these 
mechanical  theories  have  been  advantageous  to  the  science, 
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by  showing  that  mechanical  laws  may  be  able  to  explain  effects 
never  before  ascribed  to  mechanical  laws.  As  regards  the 
progress  of  intellect,  it  has  been  very  important  to  show  that 
variation  of  velocities,  as  depending  on  the  period  of  the  oscil- 
lations, is  mechanically  possible;  it  has  been  very  important 
to  show  that  transversal  vibrations  are  mechanically  possible ; 
it  has  been  very  important  to  show  that  crystalline  separation 
of  differently  polarized  rays  is  mechanically  possible.  It  is 
not  that  I  believe  completely  in  any  one  of  the  mechanical 
explanations  which  have  been  given,  but  that  a  priori  difficul- 
ties have  been  removed,  and  that  it  may  now  be  considered 
that  there  is  a  fair  chance  of  reducing  the  whole  to  mechani- 
cal explanation. 

In  some  cases  the  mechanical  theory  has  stopped  at  the 
first  step,  as  for  instance  in  the  very  remarkable  equations  in- 
dicated by  Prof.  MacCullagh  as  competent  to  represent  some 
of  the  characteristic  phaenomena  of  quartz.  It  was  here  an 
important  matter  to  show  that  there  was  opened  even  a  possi- 
bility of  reducing  these  anomalous  facts  to  mechanical  laws. 

The  suggestion,  which  it  is  the  object  of  this  paper  to  lay 
before  you,  is  of  the  same  kind  as  that  made  by  Professor 
MacCullagh. 

In  order  to  reduce  the  rotation  of  the  plane  of  polarization 
to  laws,  I  shall  follow  the  example  of  Fresnel  in  assuming 
that  plane-polarized  light  may  be  considered  as  compounded 
of  two  beams  of  circularly-polarized  light,  one  right-handed 
and  the  other  left-handed,  and  that  the  rotation  of  the  plane 
is  produced  by  a  difference  of  the  velocities  of  the  two  circu- 
larly-polarized beams.  And  this,  I  take  this  opportunity  to 
observe,  is  actually  the  simplest  way  of  conceiving  the  change, 
at  least  in  instances  like  that  of  quartz,  &c,  and  like  that  be- 
fore us,  when  the  same  change  is  produced  whatever  be  the 
position  of  the  plane  of  polarization  (a  fact  which,  at  my  re- 
quest, Dr.  Faraday  has  very  carefully  verified).  Although 
the  conception  of  a  plane  vibration  is  easier  where  the  plane 
of  vibration  has  immediate  reference  to  the  plane  of  reflexion, 
&c,  yet  the  conception  of  two  circular  vibrations  is  easier 
where  the  plane  of  the  compound  vibration  has  no  reference 
to  any  plane  in  the  apparatus,  and  is  in  fact  perfectly  arbi- 
trary. 

Now  let  xx  be  measured  in  the  direction  in  which  the  light 
is  supposed  to  travel  in  the  first  experiment;  .r2  in  the  oppo- 
site direction,  or  in  the  direction  in  which  the  light  will  travel 
when,  the  magnetic  adjustments  remaining  the  same,  the  re- 
lative positions  of  the  polariser  and  analyser  are  reversed ; 
suppose  these  to  be  horizontal:  let  yx  be  measured  horizon- 
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tally  towards  the  right  as  regards  the  course  of  the  light  in 
the  first  experiment,  ?/2  towards  the  right  as  regards  the  course 
of  the  light  in  the  second  experiment  (or  opposite  toj/,);  % 
vertical,  in  a  direction  common  to  both  experiments.  Then, 
for  the  first  experiment,  in  order  to  represent  the  displace- 
ment of  particles  constituting  that  ray  of  circularly  polarized 
light,  in  which  every  particle  describes  a  circle  in  the  direc- 
tion, viewed  from  the  origin  of  light,  opposite  to  that  of  the 
hands  of  a  watch,  and  in  which  at  any  one  time  the  position 
of  all  the  particles,  originally  in  a  straight  line,  has  become  a 
right-handed  helix  (which  I  will  call  Ray  No.  I.) ;  we  must 
take  the  following  expressions : — where  t  is  the  period  of  vi- 
bration, t/j  the  velocity  of  transmission  of  the  wave,  and  Y'j 
and  Z'  the  displacements  in  the  direction  of  yl  and  z  re- 
spectively, 


Similarly,  to  represent,  for  the  first  experiment,  the  displace- 
ment of  particles  constituting  the  ray  circularly  polarized  in 
the  opposite  direction,  or  so  that  each  particle  describes  a 
circle  in  the  same  direction,  viewed  from  the  origin  of  light, 
as  the  hands  of  a  watch  (which  I  shall  call  Ray  No.  II.),  we 
must  have 


Y^.co^-i), 
Z»1=-*.si„i^-i)). 


And  in  the  second  experiment,  to  represent  the  Ray  No.  I. 
of  that  experiment,  we  must  combine 

Z<2  =  a.sin^(,_£j); 
and  to  represent  the  Ray  No.  II.,  we  must  combine 

And  the  thing  which  it  is  very  important  to  observe  is,  that 
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the  same  mechanical  equations  referred  to  the  same  directions 
in  absolute  space  must  apply  to  all  these  displacements. 

In  ordinary  crystals  or  fluids  possessing  the  property  of 
causing  rotation  of  the  plane  of  polarization  in  the  same  direc- 
tion as  referred  to  the  eye  of  the  observer,  whether  the  ray 
be  incident  on  one  side  or  on  the  other,  mechanical  equations 
are  to  be  sought  which  will  produce  the  result,  that  in  both 
cases  the  velocity  of  Ray  No.  I.  is  greater  than  that  of  Ray 
No.  II.  (or  vice  versa) ;  so  that  if  U\  is  greater  than  v"v  v9 
will  also  be  greater  than  w"2.  But  in  the  glass  affected  by 
magnetism,  if  in  the  first  experiment  the  velocity  of  Ray 
No.  I.  is  greater  than  that  of  Ray  No.  II.,  then  in  the  second 
experiment  the  velocity  of  Ray  No.  I.  must  be  less  than  that 
of  Ray  No.  II.;  or  if  z/j  is  greater  than  v"lt  z/2  must  be  less 
than  ira. 

Now  the  equation  which  is  deduced  from  every  mechanical 
supposition  that  accounts  for  the  propagation  of  undulations, 
is  of  the  form 


d*Y  _        d*Y 
dt*  '  dx 


,2' 


&  Z  _  a     d*  Z 

dt*  ~        dx*' 

And  it  seems  probable  that  these  equations,  with  the  addition 
to  each  of  a  small  term,  may  explain  the  difference  of  veloci- 
ties of  the  Rays  No.  I.  and  No.  II. 

It  was  pointed  out  by  Prof.  MacCullagh,  that  the  equations 

d*Y  _        d*Y      n    d?Z 

dt*  ~        dx*  +      'da?' 
d*Z  _        <PZ_        B»ff 

dt*  '  dx*  dx3 

would  explain  this  difference.  I  may  remark  here,  that  in 
the  last  term  of  the  second  side  of  each  equation,  any  differ- 
ential coefficient  of  an  odd  order  would  have  sufficed  to  ex- 
plain the  general  fact  of  difference  of  velocity;  but  the  third 
order  was  adopted  by  Prof.  MacCullagh  in  order  to  reconcile 
the  expression  for  difference  of  velocity  in  differently-coloured 
rays  with  the  fact  established  by  experiment. 

It  is  however  necessary  to  inquire  whether,  if  this  assump- 
tion makes  vtl  greater  than  v"v  it  will  make  fc/2  grater  than 
t/'2.  For  this  purpose  we  must  convert  the  various  expres- 
sions into  expressions  referred  to  the  same  co-ordinates. 

Let  xx=x,  jf4=5—  x;  yx-y,  y«=- y\ 

in  the  first  experiment  let 
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Y',=Y',    V'^Y";    2JX  =  71,   Z",  =  Z": 
in  the  second  experiment  let 

Y'2=-Y',  Y"2=-Y",   Z'2=Z',   Z"2=Z". 
Then, 
in  the  first  experiment,  for  Ray  No.  I., 

2 


Y'  —  a.  cos 

T 


Z'  =  a.sm^(t-0; 
and  Prof.  MacCullagh's  equations  become 
-^^cos-^^-^^-A^^-ja.cos^^-^ 

+  B15-^j«.cosT^-^, 

4*r2       .    2f/       x\  .     4tt2    /1\2       .    2*/.      *\ 

-^«.sin-(/-^  =  -A.-^.^«.sin-r^-^j 

which  agree  in  giving 

W)t=1+B£(4r 

for  Ray  No.  II., 

Y»^.cos^(,-^), 

The  equations  become 

4w*  Sir/!      a?\  A    49T2/  1  \2  2tt/       ar\ 

_    87T3/  1  \3  2tt/       x  \ 

4*2       .   1iz(       x\  1     4tt2/  1  \«       .    2tjV        #\ 

.  -r.    8^/1  \3       .    2-w/,      a:\ 
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which  agree  in  giving 

Hence  «/x  is  less  than  v"1# 

In  the  second  experiment,  for  Ray  No.  I., 

it;  27T  /  #\ 

Y'  =  —  a.cos — it  +  -J-), 

T     \  U'2/' 

ry;  •      2  7T  / ,  #  \ 

Z/  =  a  .  sin  —  u  +  -T- J. 

T     V  t/2/ 

The  equations  become 

,   4?r2  2w/        .r\  .  4tt2    /  1  \2  2w/       *\ 

+  ^-cosv^  +  ^  =  +A^-.^j«.cosT^  +  ^j 

n      87T3      /1\3  2*/  tf\ 

4w*        .   2tt/        a;\  47r2/l\2       .    2*/    ,    f\ 

8^    /l\s       .    2*/        *\ 
which  agree  in  giving 


w 


l  +  B2 


2*/iy* 

And  similarly,  for  Ray  No.  II., 


B2 


Hence  t/2  is  less  than  r/'2. 

Thus  in  both  experiments  (that  is,  whether  the  light  passes 
from  one  side  or  from  the  other  side)  the  Ray  No.  II.  travels 
more  quickly  than  the  Ray  No.  I.  And  therefore,  if  in  each 
experiment  there  is  incident  a  plane-polarized  ray,  consisting 
of  the  combination  of  a  Ray  No.  I.  and  a  Ray  No.  II.,  the 
plane-polarized  ray  which  is  formed  by  their  union  after  emer- 
gence will  have  its  plane  of  polarization  turned  from  the  ori- 
ginal plane  of  polarization,  in  both  experiments  in  the  same 
direction  as  the  hands  of  a  watch,  or  in  both  experiments  in 
the  direction  opposite  to  that  of  the  hands  of  a  watch,  as  re- 
ferred to  the  eye  of  a  person  looking  in  the  direction  of  the 
path  of  the  light. 

This  result  agrees  with  the  phasnomena  of  quartz,  turpen- 
tine, &c. ;  and  therefore  Prof.  MacCullagh's  equations  apply 
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to  the  explanation  of  crystalline  rotation  of  the  plane  of  polari- 
zation. But  it  does  not  agree  with  the  phaenomena  of  glass, 
&c.  under  magnetic  action ;  and  for  this  case  new  equations 
must  be  sought. 

The  equations  which  I  offer  as  competent  to  represent  this 
case  are, 

d*Y  d*Y      „    dZ 


dtf-             dx* 

r"*  dt' 

d?Z            d*Z 
dt*  ~        da* 

r   dY 

which  are  to  be  verified  in  the  same  manner  as  those  applying 
to  the  phaenomena  of  quartz,  &c. 

Thus,  in  the  first  experiment,  for  Ray  No.  I., 


Y'  =  a .  cos 
Z'  =  a .  sir 


2jt/        x\  a4tt2/1\2  2tt/       x\ 

+  C_.«.cos-(^-j, 
47r2       .    2*7       x\  a4w9/1\*       .    2tt/       x\ 


The  equations  become 
4jr2 

r2 


-.a.  cos- 


+  L> .  —  .a.  sm 

T 


which  agree  in  giving 

w2  = 


i+f  c 

2w 


For  Ray  No.  II., 

Y<'  =  J.cosi?  («-*-), 

and  the  equations  become 

-C-5.cosT^-^-), 
2K2 


476  The  Astronomer  Royal  on  the  Equations 

4tt2        .    2tt/        .r\  A4-9r2/l\27      .    2ir/.       x\ 

+  ^b.sin-{t-^J=+A^^Jb.smT(t-wJ 

„  2  7T  7      .    2  it  (        x\ 
which  agree  in  giving 

w = 


'-f.c 


Hence  t/x  is  less  than  i/;r 

In  the  second  experiment,  for  Ray  No.  I., 


tn,  2  7T  / ,  X  \ 

■    \  V0/ 


T 

and  the  equations  become 

4w2 
+  — Ta' 


„2tt  2t/\      x\ 

+  C-a.coS-[t  +  7J, 

„2t         .    2*/.  ,  J?\ 
—  C —  a  .  sin  —  I  ^  +  -p  )  , 
r  t    \      t/2/ 

which  agree  in  giving 

W  k  - 


2tt 


Similarly, 


(A)2  = 


1  +  kc 


Hence  t/2  is  greater  than  i/'2. 

Thus  if  in  one  experiment  the  Ray  No.  II.  travels  more 
quickly  than  the  Ray  No.  I.,  in  the  other  experiment  the  Ray 
No.  II.  travels  more  slowly  than  the  Ray  No.  I.  And  there- 
fore if  in  each  experiment  there  is  incident  a  plane-polarized 
ray  consisting  of  the  combination  of  a  Ray  No.  I.  and  a  Ray 
No.  II.,  the  plane-polarized  ray  which  is  formed  by  their 
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union  after  emergence  will  have  its  plane  of  polarization 
turned  from  the  original  plane  of  polarization,  in  one  experi- 
ment in  the  same  direction  as  the  hands  of  a  watch,  and  in  the 
other  experiment  in  the  opposite  direction,  as  referred  to  the 
eye  of  a  person  looking  in  the  direction  of  the  path  of  the 
light. 

This  result  agrees  with  the  phaenomena  of  boracic  glass, 
&c.  under  the  action  of  magnetic  forces. 

Instead  of  making  the  second  term  on  the  right-hand  side 

7  rj 

of  the  equation  depend  on  -j— ,  we  might  with  equal  success 

have  adopted  -r^gj  -7—3 — Tp  or  any  other  differential  coeffi- 

cient  of  an  odd  order  in  which  the  number  of  differentiations 
with  respect  to  t  is  odd.  Different  powers  of  t  and  v  will  be 
introduced  by  different  selections.  In  order  to  determine 
which  of  these  selections  is  best  adapted  to  represent  the  phae- 
nomena, it  will  be  necessary  to  determine  the  deviation  of  the 
plane  of  polarization  for  light  of  different  colours. 

If-y—  be  adopted,  the  equations  suggested   by  me  will 

amount  to  this : — "  The  force  upon  any  particle  in  the  direc- 
tion of  one  ordinate  depends  in  part  upon  its  velocity  in  the 
direction  of  the  other  ordinate."  There  is  no  insurmountable 
difficulty  in  conceiving  that  this  may  be  true,  although  we 
have  at  present  no  mechanical  reason  a  priori  for  believing 
that  it  is  true. 

To  remove  the  possibility  of  misunderstanding,  I  will  re- 
peat that  I  offer  these  equations  with  the  same  intention  with 
which  Prof.  MacCullagh's  equations  were  offered ,  not  as  giving 
a  mechanical  explanation  of  the  phaenomena,  but  as  showing 
that  the  phaenomena  may  be  explained  by  equations,  which 
equations  appear  to  be  such  as  might  possibly  be  deduced 
from  some  plausible  mechanical  assumption,  although  no  such 
assumption  has  yet  been  made. 

I  am,  Gentlemen, 

„     .a.  r,         .  ,  Your  obedient  Servant, 

Royal  Observatory,  Greenwich,  7 

May  7,  1846.  G.  B.  AlRY. 
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LXXVIII.  Letter  to  Henry  Lord  Brougham,  F.R.S.,  $c, 
containing  Remarks  on  certain  Statements  in  his  Lives  of 
Black,  Watt  and  Cavendish.  By  the  Rev.  William  Vernon 
Harcourt,  F.R.S.  Src. 

[Continued  from  p.  131.] 
THHERE  are  few  things  more  remarkable  in  scientific  hi- 
*  story  than  the  manner  in  which  Newton  may  be  ob- 
served to  have  dealt  with  the  conjectural  part  of  philosophy. 
He  never  speaks  of  hypothetical  speculation  but  in  terms  im- 
plying somewhat  of  disdain.  And  yet  in  all  his  works,  from 
the  announcement  to  the  Royal  Society  of  his  first  discoveries 
respecting  light  to  the  last  revision  of  the  Optics  and  Prin- 
cipia,  an  hypothesis  of  the  highest  generality  holds  a  conspi- 
cuous place. 

This  apparent  inconsistence  is  however  easily  explained : 
he  doubtless  was  deeply  impressed  with  the  error  into  which 
his  predecessor  Descartes  had  fallen,  in  building  a  system  of 
philosophy  on  superficial  analogies  and  precarious  conjec- 
tures, and  looked  with  some  dissatisfaction  at  the  pretension 
of  his  cotemporary  Hook  to  set  aside  the  inductive  analysis 
of  light,  on  the  faith  of  a  conjectural  standard  of  his  own. 
With  Newton  the  imagining  hypotheses  was  but  as  child's- 
play  compared  with  the  labour  and  importance  of  those  severe 
and  sure  processes,  inductive  and  deductive,  to  which  he  had 
devoted  all  the  efforts  of  his  mind.  He  held  cheap  the  exer- 
cise of  that  great  faculty  of  imagination  from  which  the  inex- 
haustible riches  of  his  philosophical  invention  flowed  with 
spontaneous  facility.  But  though  he  laid  no  stress  on  what 
he  called  his  "guesses,"  no  man's  mind  seems  ever  to  have 
been  more  continually,  as  it  were,  upon  the  guess ;  and  no  one 
ever  gave  so  eminent  and  instructive  an  example  of  steady 
persistence  in  that  conjectural  habit  of  mind.  "  To  show," 
says  Newton,  "  that  I  do  not  take  gravity  for  an  essential  pro- 
perty of  bodies,  I  have  added  one  question  concerning  its 
cause,  choosing  to  propose  it  by  way  of  question  because  I  am 
not  yet  satisfied  about  it  for  want  of  experiments*."  After 
having  himself  achieved  by  a  vigorous  induction  the  most  ex- 
tensive generalisation  to  which  the  human  intellect  has  ever 
attained,  he  still  saw,  in  a  stronger  light  than  any  one,  reasons 
for  doubting  whether  the  law  at  which  he  had  arrived  was  so 
simple  and  conformable  to  the  rest  of  nature  as  to  preclude 
our  tracing  it  to  some  more  general  cause.  The  ascertained 
rule  of  gravitation  he  used  but  as  a  stepping-stone  on  which 
he  might  safely  tread  in  advancing  towards  the  great  end  of 

*  Advertisement  to  Optics,  1717- 
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philosophy, — the  reduction  of  all  that  is  implied  in  the  terms 
space,  force,  and  matter,  to  the  closest  relations  and  the  fewest 
agencies  :  he  regarded  this  great  discovery  with  no  more  par- 
tiality than  he  did  the  more  undeveloped  principle  of  molecu- 
lar cohesion,  with  respect  to  which,  after  stating  his  general 
conception  of  the  force,  he  comes  to  this  conclusion — "there 
are  therefore  agents  in  nature  able  to  make  the  particles  of 
bodies  stick  together  by  very  strong  attractions;  and  it  is  the 
business  of  experimental  philosophy  tojind  them  out*." 

The  term  attraction)  be  it  observed,  was  always  employed  by 
Newton  in  a  provisional  sense.  "  How  these  attractions  may 
be  performed,"  he  says,  "  I  do  not  here  consider:  what  I  call 
attraction  may  be  performed  by  impulse,  or  by  some  other 
means  unknown  to  me;  I  use  that  word  here  to  signify  only 
in  general  any  force  by  which  bodies  tend  towards  each  other, 
whatsoever  be  the  cause:"  thus  he  was  content  to  express,  in 
any  terms  that  lay  at  hand,  the  mathematical  law,  whilst  he 
kept  the  efficient  cause  in  reserve,  laying  down  for  the  order 
of  investigation  this  rule — "  We  must  learn  from  the  phaeno- 
mena  of  nature  what  bodies  attract  one  another,  and  what  are 
the  laws  and  properties  of  the  attraction,  before  we  inquire 
the  cause  by  which  the  attraction  was  performed  t." 

The  cause  of  gravity,  whatever  it  may  bd  he  conceived  must 
also  lie  at  the  foundation  of  all  the  other  great  classes  of  force 
which  we  observe,  and  till  their  laws  and  properties  should 
have  been  iearnt,  he  knew  that  it  would  be  premature  to  at- 
tempt any  deep  inquiry  into  their  causes.  Nevertheless  he 
let  loose  his  fancy  in  more  than  one  excursion  into  this  wide 
field  of  speculation ;  and  it  is  worth  our  while  to  mark  the 
manner  in  which  he  surveyed  it.  For  he  possessed  beyond 
other  men  that  double  power  of  mind  which  can  adapt  itself 
equally  to  the  furthest  and  nearest  limits  of  vision,  and  cast  a 
glance  as  comprehensive  over  remote  objects,  as  precise  and 
penetrating  into  those  that  are  within  reach. 

The  widest  of  the  generalisations  to  which  the  conjectures 
of  Newton  ascended  were  marked  by  a  character  far  different 
from  any  which  appears  in  the  speculations  of  those  who  pre- 
ceded him.  Instead  of  loose  or  narrow  analogies,  in  forming 
his  ideas  of  the  interior  mechanism  and  materials  of  the  uni- 
verse, he  clothed  the  phantoms  of  his  philosophical  vision  with 
the  most  certain  and  general  of  the  properties  of  matter: 
for  the  hooked  atoms  of  Epicurus,  the  broken  fragments, 
subtle  powder,  rounded  globules,  and  feathery  filaments  of 
Descartes,  he  substituted  the  conception  of  particles  embody- 
ing invariable  powers  of  inertia,  solidity,  and  hardness,  with 
*  Optics,  Book  3.  Qu.  31.  t  Ibid. 
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forces  centrifugal,  or  centripetal,  varying  with  aggregation 
and  distance.  Of  such  particles,  grouped  in  various  modes 
and  degrees  of  condensation,  and  variously  moulded  by  the 
hand  of  the  Creator,  he  thought  all  material  things  might  be 
imagined  to  consist,  by  such,  both  the  stability  of  nature  and 
the  conservation  of  motion  might  be  maintained,  and  from 
such,  all  the  great  classes  of  phaenomena  might  be  derived. 

The  general  name  which  he  gave  to  the  simplest  of  these 
particles  was  (Ether — a  term  which  he  used  for  the  substance 
of  one,  or  more,  highly  subtle  and  elastic  fluids,  capable  of 
being  combined  and  condensed,  and  taking,  in  different  states 
of  condensation,  the  form  of  light  and  ordinary  matter. 

His  aether  was  not  a  mathematical  or  mechanical  abstrac- 
tion, but  a  material  substance,  of  the  actual  existence  of  which, 
certain  otherwise  uninterpretable  phaenomena,  especially  of 
light,  heat,  and  electricity,  had  convinced  him,  and  which  he 
conceived  of,  as  being  "  much  of  the  same  constitution  with  air, 
but  far  rarer,  subtler,  and  more  elastic" — "  not  of  one  uniform 
matter,  but  composed,  partly  of  the  main  phlegmatic  body  of 
aether,  partly  of  other  various  aetherial  spirits,  much  after  the 
manner  that  air  is  compounded  of  the  phlegmatic  body  of  air 
intermixt  with  various  vapours  and  exhalations," — one  of  these 
spirits  being  the  electric,  another  the  magnetic,  a  third  the 
gravitating  principle.  The  latter  he  figured  to  himself  as  "  not 
of  the  main  body  of  phlegmatic  aether,  but  of  something  very 
thinly  and  subtilely  diffused  through  it  (perhaps  of  an  unc- 
tuous, gummy,  tenacious  or  springy  nature*),  and  bearing 
much  the  same  relation  to  aether  which  the  vital  aerial  spirit, 
requisite  for  the  conservation  of  flame  and  vital  motions,  does 
to  air\." 

This  was  the  first  speculation  of  Newton  respecting  "  the 
cause  of  the  gravitating  attraction  of  the  earth."  "  For  if 
such  an  aetherial  spirit,"  he  adds,  "  may  be  condensed  in  fer- 
menting or  burning  bodies,  or  otherwise  coagulated  in  the 
pores  of  the  earth  and  water  into  some  kind  of  humid  active 
matter,  for  the  common  uses  of  nature  (adhering  to  the  sides 
of  those  pores  after  the  manner  that  vapours  condense  on  the 
side  of  a  vessel),  the  vast  body  of  the  earth,  which  may  be  every 
where  to  the  very  centre  in  perpetual  working,  may  continually 
condense  so  much  of  this  spirit  as  to  cause  it  from  above  to 
descend  with  great  celerity  for  a  supply :  in  which  descent  it 

*  Such  expressions  as  these,  used  only  in  the  earliest  of  Newton's  spe- 
culations, appear  to  be  in  the  style  of  the  Epicurean  school;  but  his  mean- 
ing, as  is  evident  from  the  variety  of  the  terms  which  he  uses,  was  only  to 
describe  in  popular  language,  attractive  and  repulsive  force. 

t  Registry  Book  of  the  Royal  Society,  vol.  v.  from  1675  to  1679,  p.  67. 
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may  bear  down  with  it  the  bodies  it  pervades  with  force  pro- 
portional to  all  their  parts  it  acts  upon,  nature  making  a  cir- 
culation by  the  slow  ascent  of  so  much  matter  out  of  the 
bowels  of  the  earth  in  an  aerial  form,  which  for  a  time  consti- 
tutes the  atmosphere,  but  being  continually  buoyed  up  by  the 
new  air,  exhalations,  and  vapours  rising  under,  at  length 
(some  part  of  the  vapours  which  return  in  rain  excepted) 
vanishes  again  into  the  aetherial  spaces,  and  there  perhaps  in 
time  relents  and  is  attenuated  into  its  first  principles.  For 
nature  is  a  perpetual  circulatory  worker,  generating  fluids  out 
of  solids,  and  solids  out  of  fluids,  fixed  things  out  of  volatile, 
and  volatile  out  of  fluid,  subtile  out  of  gross,  and  gross  out  of 
subtile,  some  things  to  ascend  and  make  the  upper  terrestrial 
juices,  rivers,  and  the  atmosphere,  and  by  consequence  others 
to  descend  for  a  requital  to  the  former.  And  as  the  earth, 
so  perhaps  may  the  sun  imbibe  this  spirit  copiously,  to  con- 
serve his  shining,  and  keep  the  planets  from  receding  further 
from  him :  and  they  that  will  may  also  suppose  that  this  spirit 
affords,  or  carries  with  it,  the  solary  fuel  and  material  principle 
of  light,  and  that  the  vast  aetherial  spaces  between  us  and  the 
stars  are  for  a  sufficient  depository  for  this  food  of  the  sun  and 
planets*." 

How  far  in  a  geometrical  and  mechanical  point  of  view  a 
supposition  which  presents  to  us  the  problem  of  an  uniform 
central  loss  of  force  in  a  sphere  of  "  tenacious  or  springy " 
fluid,  urged  by  a  constant  pressure,  and  drawing  down  or  im- 
pelling the  bodies  that  float  in  it  with  a  force  proportional  to 
the  number  of  their  ultimate  particles,  can  have  been  contem- 
plated as  tending  to  satisfy  the  conditions  of  the  law  of  gra- 
vity, I  leave  to  mathematicians  to  judge.  This  supposition 
preceded  the  public  announcement  of  the  law  by  ten  years; 
but  Newton  has  himself  stated  that  he  had  deduced  that  law 
from  Kepler's  some  twenty  years  before  he  published  itf. 

He  soon,  however,  in  a  letter  to  Boyle  in  1678,  abandoned 
this  form  of  hypothesis  for  one  in  which  he  supposes  the  aether 
no  longer  a  gradually  absorbed,  centripetal,  atmosphere,  but 
a  stationary  fluid,  "  which  consists  of  parts,  differing  from  one 
another  in  subtilty  by  indefinite  degrees/'  so  arranged  by  the 
force  with  which  the  'pores  of  matter  repel  the  aetherial  particles 
in  proportion  to  their  magnitude,  "that  from  the  top  of  the  air 
to  the  surface  of  the  earth,  and  again  from  the  surface  of  the 
earth  to  the  centre  thereof,  the  aether  is  insensibly  finer  and 
finer ;"  and  in  an  aetherial  atmosphere  so  constituted  he  holds 
that  bodies  would  be  propelled  towards  each  other  by  the  as- 

*  Registry  Book  of  the  Royal  Society,  vol.  v.  from  1675  to  1679,  p.  68. 
f  Letter  of  Newton  to  Halley,  1686. 
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sumed  greater  repulsion  of  the  larger  particles  of  aether  from 
their  pores.  In  this  letter  he  made  a  comprehensive  conjectural 
effort  to  reduce  the  whole  system  of  the  laws  of  nature, 
whether  bearing  the  aspect  of  impulse  or  attraction,  under  the 
dominion  of  two  kinds  of  repulsive  force,  the  one  of  mutual 
repulsion  between  the  particles  of  {Ether,  the  other  of  repul- 
sion between  the  particles  of  aether  and  those  of  ordinary 
matter. 

In  the  edition  of  his  Optics  which  he  printed  nearly  forty 
years  afterwards,  in  1717,  he  deliberately  delivered,  when  in 
full  possession  of  the  laws  of  gravity,  another  hypothesis  on 
this  subject,  taking  for  his  fundamental  assumption  this  fact 
presumed  from  the  phsenomena  of  light,  that  a  subtle  and 
elastic  fluid,  within  bodies  and  without  them,  follows  some  law 
of  density  which  increases  from  their  centre  indefinitely  into 
space,  and  merely  representing  the  force  by  which  they  gra- 
vitate as  repulsive.  Further  he  has  not  explained  himself ;  and 
it  may  perhaps  be  inferred  from  his  subsequently  omitting  in 
an  edition  of  the  Principia  the  mention  of  gravity  when  he 
enumerates,  at  the  end  of  that  work,  the  other  phaenomena  of 
molecular  attraction  and  cohesion,  electricity,  light,  heat,  mus- 
cular motion,  and  nervous  sensation,  which  he  attributes  to 
the  force  of  "a  very  subtle  spirit,"  pervading  and  lurking  in 
dense  bodies,  but  not  yet  sufficiently  manifested  by  experi- 
ments,— that  he  was  dissatisfied  with  his  own  conceptions  of 
its  gravific  action,  and  had  never  reduced  them  into  a  mathe- 
matical form.  Thus  much  however  it  may  be  worth  while  to 
remark,  as  deserving  perhaps  the  attention  of"  those  who  may 
follow  Vince  and  Playfair  in  discussing  the  possible  sufficiency 
of  Newton's  hypothesis — that  in  the  Optics  he  alleges  reasons 
for  supposing  the  elastic  force  of  aetherial  particles  to  be  in- 
versely proportional  to  their  magnitude*.  This  leaves  ground 
to  believe  that  with  the  supposition  of  a  density  increasing  with 
the  distance  he  may  have  combined  his  former  conjecture  of  an 
increasing  magnitude  of  the  particles,  and  so  far  an  elasticity 
proportionably  diminished ;  which  gives  latitude  at  least  to 
the  hypothesis,  as  making  the  mutual  repulsion  of  the  parti- 
cles at  different  distances  from  the  centre,  depend  on  more 
elements  than  one. 

But  the  knowledge  of  the  experimental  laws  of  molecular 
force  was  not  sufficiently  advanced  to  justify  any  serious  at- 
tempt at  mathematical  theory,  either  on  this  subject  or  any 
other  connected  with  them  ;  nor  did  he  offer  these  hypotheses 
as  more  than  cursory  hints,  and  specimens  of  a  generalising 
and  simplifying  spirit  of  conjecture,  so  far  illustrating  nature, 
*  Optics,  ed.  4.  book  iii.  p.  326. 
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as  they  embraced,  and  embodied,  real  facts  and  accurate  con- 
ceptions of  phaenomena. 

The  subjects  on  which  in  this  point  of  view  the  above-men- 
tioned hypotheses,  taken  together  with  the  questions  in  the 
Optics,  threw  the  most  important  light,  were  the  phaenomena 
of  colours,  and  of  chemistry.  I  shall  confine  myself  to  his 
speculations  on  the  latter  subject,  which  lead  directly  to  the 
question  at  issue — namely,  what  were  the  ideas  of  philosophers 
before  the  time  of  Black  respecting  the  nature  of  air,  and 
whether  the  unity  of  the  aerial  element  was  any  part  of  their 
belief. 

Most  remarkable,  among  the  divinations  of  Newton,  is  his 
introduction  of  the  doctrine  of  chemical  affinity  in  the  optical 
queries,  where  he  connects  the  phaenomena  of  chemistry 
with  those  of  electricity,  as  both  due  to  molecular  forces  acting 
at  insensible  distances.  He  enumerates  electricity  among  those 
"  attractions  which  reach  to  sensible  distances,  and  so  have 
been  observed  by  vulgar  eyes  ;"  he  then  suggests,  that  "  there 
may  be  others  which  reach  to  so  small  distances  as  hitherto 
escape  observation,"  and  adding  that  "  perhaps  electrical  at- 
traction may  reach  to  such  small  distances,  even  without  being 
excited  by  friction*"  goes  on  to  couple  it  with  the  phaeno- 
mena of  chemical  affinity,  as  produced  by  the  same  species  of 
force.  What  is  this,  if  it  be  well  weighed,  but  the  principle 
of  all  that  experience  has  since  brought  to  light  in  respect  to 
galvanic  and  electro-chemical  forces?  here  was  the  prophet's 
eye,  anticipating  the  progress  of  science  and  the  actual  indi- 
cations of  the  kind  of  force  which  he  surmised. 

That  which  follows  on  the  point  of  chemical  affinity  itself 
is  equally  remarkable.  For  observe  how,  guided  in  this  in- 
stance by  the  few  obscure  phaenomena  before  him,  he  deals 
with  the  molecules  which  represent  this  peculiar  form  of  at- 
traction :  they  are  not  elementary  molecules,  nor  molecules  of 
equal  magnitude,  but  compound 'particles  whose  force  of  affinity 
is  in  the  inverse  ratio  of  their  composition — "  the  smallest  par- 
ticles cohering  by  the  strongest  attractions,  and  composing 
bigger  particles  of  weaker  virtue,  and  many  of  these  cohering, 
and  composing  bigger  particles  whose  virtue  is  still  weaker, 
and  so  on,  for  divers  successions,  until  the  progression  end  in 
the  biggest  particles  on  which  the  operations  of  chemistry, 
and  the  colours  of  natural  bodies  depend,  and  which  by  co- 
hering compose  bodies  of  a  sensible  magnitudef."  Have  we 
not,  in  this  conception  of  chemical  affinity  as  depending  on 
the  successive  addition  of  units  of  force,  the  principle  of  multi- 
ple proportions,  of  which  the  experimental  demonstration  was 
*  Optics,  book  iii.  p.  351.  t  Ibid.  p.  370. 
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reserved  for  Dalton,  whose  first  views  of  that  important  in- 
duction were  suggested  perhaps  by  these  very  conjectures  of 
Newton  ? 

In  other  respects  the  theory  of  affinities  is  hardly  laid  down 
by  him  with  more  distinctness  in  this  mature  work,  than  in 
his  younger  speculations,  in  the  earliest  of  which  he  applied 
it,  as  an  universal  property  of  bodies,  to  supposed  aetherial 
fluids,  and  in  the  next  to  the  factitious  airs  then  recently  dis- 
covered. 

The  chemist  who  remembers  the  modern  observation,  that 
gases  (including  that  vital  aerial  spirit  to  which  Newton  com- 
pared his  aether)  are  powerfully  condensed  in  the  pores  of 
charcoal,  on  the  surface  of  metals,  and  in  the  interior  of  a  ball 
of  spongy  platina,  cannot  fail  to  be  struck  with  the  singular 
anticipation  which  the^rs^  of  Newton's  hypotheses  display,  of 
a  close  connexion  between  molecular  attractions  and  chemical 
changes,  and  a  subjection  of  the  most  elastic  of  bodies  to  both 
these  forces  in  common.  Nor  will  his  admiration  be  dimi- 
nished, when  he  finds  the  theory  of  elective  and  mediating 
affinities  first  broached  for  such  a  purpose  as  to  explain  the 
dark  phaenomena  of  muscular  motion,  and  the  material  means 
through  which  the  soul  acts  on  the  body,  by  the  supposition 
of  relative  degrees  of  sociableness  and  unsociableness  between 
the  brain  and  muscles  on  the  one  hand,  and  on  the  other,  a 
conjectural  array  of  aetherial  fluids  imagined  to  be  even  rarer 
and  more  elastic  than  the  most  subtle  and  repulsive  air  *. 

After  this,  we  are  not  astonished  to  find  the  same  master 
mind,  in  its  second  survey,  so  laying  down  the  theoretical  map 
of  gaseous  chemistry,  that  in  truth  the  chemists  who  followed, 
down  to  the  sera  of  Higgins,  Dalton,  and  Gay-Lussac,  did 
little  more  than  work  out  by  experiment  the  principles  which 
Newton  had  assumed. 

The  application  of  chemical  principles  to  aetherial  matter  is 
contained  in  a  letter  to  Oldenburg,  from  which  I  have  already 
given  some  quotations,  read  before  the  Royal  Society  in  Dec. 
1675.  This  elaborate  communication,  strange  to  say,  has 
never  been  printed,  except  in  the  ponderous  and  seldom 
opened  volumes  of  Birch's  history  of  that  Society,  and  conse- 
quently is  scarcely  known,  even  in  our  own  country,  to  men 
of  science,  otherwise  than  by  a  few  extracts  from  that  part  of 
it  which  relates  to  light,  published  in  the  Philosophical  Trans- 
actions by  Dr.  Young. 

The  theory  of  gases,  as  communicated  to  Boyle  in  1678, 
you  will  find  in  Birch's  life  of  that  philosopher,  or  in  New- 
ton's collective  works.     In  his  letter  to  Boyle,  after  supposing 

*  Letter  to  Oldenburg,  Registry  of  the  Royal  Society,  vol.  v. 
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certain  atmospheres  of  aether  to  surround  the  particles  of 
bodies,  and  describing  a  pressure  of  elastic  forces,  which  vary- 
ing with  the  distance  produces  cohesion  at  small  distances, 
and  repulsion  at  greater,  he  deduces  among  other  conse- 
quences this — "  that  the  particles  of  vapours,  exhalations,  and 
air,  do  stand  at  a  distance  from  one  another,  and  recede  as 
far  from  one  another  as  the  pressure  of  the  incumbent  atmo- 
sphere will  let  them :  for  I  conceive,"  he  says,  "  the  con- 
fused mass  of  vapour,  air,  and  exhalations,  which  we  call  the 
atmosphere,  to  be  nothing  else  but  the  particles  of  all  sorts  of 
bodies  of  which  the  earth  consists,  separated  from  one  another 
and  kept  at  a  distance  by  the  said  principle." 

He  then  proceeds  to  distinguish  the  three  different  ways 
which  nature  has  of  "  transmuting  gross  compact  substances 
into  aerial  ones" — vaporisation — volatility — and  the  libera- 
tion of  fixed  air,  and  to  propose  a  theory  to  explain  the  dif- 
ferences. From  the  hypothesis,  to  which  I  before  alluded,  of 
a  double  repulsive  force,  producing  unequal  degrees  of  aethe- 
rial  pressure,  he  deduces  different  spheres  of  cohesion  and  re- 
pulsion for  different  bodies,  and  their  particles,  in  proportion 
to  their  density  and  size :  small  particles  are  easily  detached, 
and  easily  condensed;  and  this  is  the  condition  of  volatile 
substances,  and  of  liquids — "  when  the  particles  of  a  body  are 
very  small,  as  I  suppose,"  he  says,  "  those  of  water  are,  the 
action  of  heat  may  be  sufficient  to  shake  them  asunder ; "  and 
"  as  fast  as  the  motion  of  heat  can  shake  them  off,  those  par- 
ticles, by  the  said  principle,  will  float  up  and  down  at  a  dis- 
tance from  one  another,  and  from  the  particles  of  air,  and 
make  that  substance  we  call  vapour."  "  But  if  the  particles 
be  much  larger,  they  then  require  the  greater  force  of  dissol- 
ving menstruums  to  separate  them."  Thus  he  comes  to  the 
chief  object  of  this  letter,  which  was  to  illustrate  the  theory  of 
gases — of  the  substances,  that  is,  then  recently  discovered  to 
be  more  durably  jixed,  and  more  durably  aerial,  than  vapours 
or  volatile  effluvia.  For  this  purpose,  having  assumed  that 
the  essence  of  such  substances  is,  that  their  constituent  parti- 
cles are  relatively  larger  and  denser,  and  therefore,  by  hypo- 
thesis, more  elastic  than  others  in  the  aerial,  and  more  cohe- 
sive in  the  fixed  condition,  he  brings  in  the  doctrine  of  che- 
mical affinities,  elective  and  mediate,  to  liberate  them  from 
their  close  state  of  cohesion,  and  force  them  out  of  the  proxi- 
mate sphere  of  compression  into  the  remoter  one  of  repulsion. 
And  thus,  as  subsidiary  to  a  wild  play  of  philosophical  fancy, 
were  those  great  principles  laid  down,  which  experience  has 
subsequently  verified,  and  on  which  the  whole  fabric  of  the 
chemistry  of  solids,  liquids,  and  gases,  has  been  built. 
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In  these  views  the  new  discovery  of  the  various  permanence 
and  condensability  of  the  gases  has  a  conspicuous  place :  "  On 
the  same  difference  of  size,"  he  says,  "  may  depend  the  more 
or  less  permanency  of  aerial  substances  in  their  state  of  rare- 
faction." "  This  may  be  the  reason  why  the  small  particles  of 
vapours  come  easily  together  and  are  reduced  back  into  water, 
unless  the  heat  which  keeps  them  in  agitation  be  so  great  as 
to  dissipate  them  as  fast  as  they  come  together,  but  the  grosser 
particles  of  exhalations  raised  by  fermentation  keep  their 
aerial  form  more  obstinately,  because  the  aether  within  is 
rarer.  Nor  does  the  size  only,  but  the  density,  of  the  parti- 
cles also  conduce  to  the  permanency  of  aerial  substances:  for 
the  excess  of  density  of  the  aether  'without  such  particles  above 
that  of  the  aether  lwithi?i  them  is  still  greater :  which  has  made 
me  sometimes  think  that  the  true  permanent  air  may  be  of  a 
metallic  original,  the  particles  of  no  substances  being  more 
dense  than  those  of  metals.  This  I  think  is  also  favoured  by 
experience:  for  I  remember  I  once  read  in  the  Philosophical 
Transactions  how  M.  Huygens  at  Paris  found,  that  the  air 
made  by  dissolving  salt  of  tartar  would  in  two  or  three  days' 
time  condense  and  fall  down  again ;  but  the  air  made  by  dis- 
solving a  metal  continued  without  condensing  or  relenting  in 
the  least.  If  you  consider  then  how  by  the  continual  fermen- 
tations made  in  the  bowels  of  the  earth  there  are  aerial  sub- 
stances raised  out  of  all  kinds  of  bodies,  all  which  together 
make  the  atmosphere,  you  will  not  perhaps  think  it  absurd, 
that  the  most  permanent  part  of  the  atmosphere,  which  is  the 
true  air,  should  be  constituted  of  these;  especially  since  they 
are  the  heaviest  of  all  others,  and  so  must  subside  to  the  lower 
parts  of  the  atmosphere  and  float  upon  the  surface  of  the  earth, 
and  buoy  up  the  lighter  exhalations  and  vapours  to  float  in 
greatest  plenty  above  them.  Thus  I  say  it  ought  to  be  with 
the  metallic  exhalations  raised  in  the  bowels  of  the  earth  by 
the  action  of  acid  menstruums ;  and  thus  it  is  with  the  true 
permanent  air." 

These  extracts  show  that  Newton  considered  the  hydrogen 
gas  which  Boyle  had  obtained  from  iron,  and  the  nitrous  gas 
which  Huygens  had  obtained  from  copper,  as  consisting  of 
the  ultimate  particles  of  the  iron  and  copper  themselves, 
brought  into  a  state  of  aerial  elasticity ;  and  further,  that  ap- 
prehending his  aetherial  hypothesis  to  be  thus  strengthened 
by  experimental  facts,  he  proceeded  to  generalise  so  boldly,  as 
to  conclude  that  the  whole  body  of  the  inferior  atmosphere 
may  be  constituted  of  various  metallic  substances,  and  that 
the  power  and  persistence  of  elastic  force  in  different  kinds 
of  air  may  be  proportionate  to  the  size  and  density  of  their 
chemical  elements. 
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This  supposition,  that  the  most  permanent  airs  are  of  a  me- 
tallic origin  and  nature,  representing  hydrogen  for  instance 
as  ferreous  gas,  was  set  aside  by  the  experiments  of  Cavendish, 
which  proved  that  the  gas  from  iron  is  identical  with  the  gas 
from  zinc,  in  specific  gravity,  in  explosive  power,  in  the  quan- 
tity in  which  it  combines  with  oxygen,  and  in  the  result  of  the 
combination  :  they  went  also,  as  far  as  our  experiments  reach, 
to  invalidate  the  general  supposition  that  the  repulsive  force 
of  the  particles  of  matter  is  in  proportion  to  their  weight  and 
density;  since  they  proved  that  hydrogen  is,  both  in  its  elastic 
and  in  its  fixed  state,  the  lightest  of  bodies;  unless  indeed  its 
high  refractive  power  should  be  thought  a  stronger  argument 
for  the  density,  than  its  low  combining  weight  for  the  light- 
ness, of  its  molecules. 

Newton  seems  not  to  have  been  aware,  that  the  facts  of  the 
condensation  of  one  gas  and  permanence  of  another,  the  ob- 
servation of  which  he  here  ascribes  to  Huygens,  had  been 
established  some  ten  years  before  by  experiments  instituted  at 
the  Royal  Society,  in  which  his  correspondent  Boyle  had  as- 
sisted— a  circumstance  however  which  was  notified  to  the 
public  when  Huygens's  paper  was  printed*.  The  experiments 
themselves  having,  I  think,  never  been  published,  the  interest 
which  we  equally  take  in  tracing  back  the  history  of  science, 
the  curiosity  of  the  experiments,  and  the  celebrity  of  the  ex- 
perimenters, prompt  me  to  give  you  some  extracts  on  this 
subject  from  the  journals  of  the  Society. 

From  these  it  appears  that  on  January  the  4th,  1664,  a 
year  before  the  publication  of  the  Micrographia,  Hook  exhi- 
bited to  the  Society  "  experiments  to  show  that  air  is  the  uni- 
versal dissolvent  of  sulphureous  [combustible]  bodies,  and  that 

*  An  account  of  Huygens's  experiments  was  printed  at  Paris  in  1674, 
and  appears  in  the  Philosophical  Transactions,  No.  119,  dated  November 
22, 1675,  under  the  title  of — "  some  experiments  made  in  the  air-pump  by 
M.  Papin  directed  by  M.  Hugens."  The  following  extract  contains  the 
facts  to  which  Newton  referred: — "  The  experimenter  being  desirous  to  see 
whether  these  ebullitions  did  make  new  air,  put  in  the  recipient  a  gage, 
and  observed  that  when  the  liquors  were  mingled,  the  water  in  the  gage 
rose  very  nimbly  to  the  top  of  the  gage;  and  drawing  out  the  new  air  he 
made  the  gage-water  subside  again;  and  by  this  means  it  was  seen, that  all 
these  kinds  of  ebullition  make  an  air  which  expands  itself  like  common  air. 
Yet  here  is  something  that  seems  to  be  very  remarkable,  which  is,  that  the 
air  made  by  these  ebullitions  is  not  of  the  same  nature :  for  it  has  been  found 
experimentally,  that  the  air  formed  by  the  mixture  of  aquafortis  and  copper 
remains  always  air,  and  always  keeps  up  the  water  in  the  glass;  but  on  the 
contrary,  the  air  which  has  been  made  by  the  mixture  of  oil  of  tartar  and 
oil  of  vitriol  is  almost  all  destroyed  of  itself,  in  the  space  of  twenty-four 
hours.  All  these  ebullitions  hitherto  spoken  of  are  greater  in  vacuo  than 
in  the  open  air;  but  with  lime  it  is  not  so." 
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this  dissolution  is  fire,  adding  that  this  was  done  by  a  nitrous 
substance  inherent  in,  and  mixed  with,  the  air." 

Here  was  the  first  distinct  conception,  and  evidence,  of  the 
composition  of  the  atmosphere.  The  French  physician  Rey 
had  before  proved  that  air  enters  into  fixed  combination  with 
solid  matter:  his  proof  rested  on  a  capital  observation  which 
he  quotes  from  the  Basilica  Antimonii  of  Hamerus  Poppius : 
thischemist,  "  placing,"  says  Rey,  "  a  burning  glass  in  the  sun's 
rays,  directed  their  focus  on  the  apex  of  a  cone  of  antimony, 
till  the  whole  becomes  white,  when  the  calcination  is  complete. 
It  is  a  wonderful  thing,  Poppius  added,  that  although  in  this 
calcination  the  antimony  loses  much  of  its  substance  by  the 
vapours  and  fumes  which  exhale  copiously,  yet  so  it  is,  its 
weight  increases  instead  of  diminishing*."  The  philosophical 
acumen  of  Rey  seized  on  the  truth  unequivocally  shown  in 
this  simplified  form  of  calcination,  in  which  he  discerned  the 
presence  of  but  two  ponderables,  and  he  concluded, — 1.  That 
the  increase  of  weight  arose  from  the  air  being  solidified  in 
the  antimony ;  2.  That  the  two  substances  combined  to  a  de- 
finite degree  of  saturation  ;  3.  That  the  increase  of  weight  ob- 
served in  other  metals,  whether  by  calcination  or  simple  expo- 
sure to  the  air,  is  due  to  the  same  cause — conclusions  which, 
if  their  publicity  had  been  equal  to  their  value,  would  doubt- 
less have  been  recorded  for  the  early  and  distinct  enunciation 
which  they  contain  both  of  a  fundamental  principle,  and  an 
important  though  as  yet  unanalysed  fact,  as  the  first  step  in 
this  branch  of  science,  in  consequence  as  well  as  timef. 

But  Rey,  though  he  recognised  the  ponderable  and  combi- 
ning qualities  of  air,  considered  it  with  the  other  philosophers 
of  his  day,  as  an  element  simple  in  essence,  though  mutable 
in  form  :  and  the  first  scientific  question  of  the  accuracy  of 
this  supposition  was  raised  by  Boyle  in  1654.  In  the  same 
Essay  in  which  his  discovery  of  the  factitious  airs  was  an- 
nounced, he  quoted  from  Paracelsus  the  following  remarkable 
passage : — "  As  the  stomach  converts  meat,  and  makes  part  of 
it  useful  to  the  body,  rejecting  the  other  part,  so  the  lungs  con- 

*  Essay  25. 

•j*  Rey's  work  was  first  published  in  1630.  It  contains,  besides  the  spe- 
culation here  mentioned,  a  just  correction  of  the  view  which  the  schools  had 
taken  of  a  fact  affirmed  in  the  Physics  of  Aristotle — that  a  blown  bladder 
is  heavier  than  an  empty  one.  Rey  showed  that  this  is  true  only  if  the 
bladder  be  blown  to  such  a  degree  as  to  compress  the  air,  and  that  the  fact, 
so  stated,  is  a  real  proof  that  the  air  has  absolute  weight.  This  is  perhaps 
the  first  correct  published  statement  of  the  weight  of  air,  as  an  experimental 
fact.  It  is  evident  however  from  a  letter  of  Baliani,  quoted  by  Venturi, 
that  Galileo  had  not  only  taught  the  same  doctrine,  but  made  his  experi- 
ments on  the  specific  gravity  of  the  air  before  1630. 
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sume  part  of  the  air,  proscribing  the  rest;"  and  having  ob- 
served upon  it,  that  "  though  this  opinion  is  not,  as  some  of 
the  same  author's,  absurd,  it  should  not  be  barely  asserted, 
but  explicated  and  proved,"  proceeded  to  relate,  that  "  that 
deservedly  famous  mechanician  and  chemist  Cornelius  Dre- 
bell  contrived  for  the  late  learned  king  James  a  vessel  to  go 
under  water,"  and  that  on  inquiry  of  Drebell's  surviving  rela- 
tives into  the  principle  of  his  contrivance,  it  appeared,  that  "  he 
conceived  it  to  be  not  the  whole  body  of  the  air,  but  a  certain 
quintessence  or  spiritual  part  of  it  that  makes  it  fit  for  respi- 
ration, which  being  spent,  the  remaining  grosser  body,  or 
carcase,  if  I  may  so  call  it,  of  the  air,  is  unable  to  cherish  the 
vital  flame  residing  in  the  heart;  so  that,  for  aught  I  could 
gather,"  says  Boyle,  "  besides  the  mechanical  contrivance  of 
his  vessel,  he  had  a  chemical  liquor  which  he  accounted  the 
chief  secret  of  his  navigation  j  for  when  from  time  to  time  he 
perceived  that  the  finer  and  purer  part  of  the  air  was  con- 
sumed, or  overclogged  by  the  steams  and  respiration  of  those 
that  went  in  his  ship,  he  would,  by  unstopping  a  vessel  full  of 
this  liquor  speedily  restore  to  the  troubled  air  such  a  propor- 
tion of  vital  parts,  as  would  make  it  again  for  a  good  while  fit 
for  respiration*." 

The  experiments  which  Hook  exhibited  to  the  Royal  So- 
ciety in  1764  afforded,  it  must  be  allowed,  but  precarious 
grounds  for  the  theory  of  the  composition  of  the  atmosphere 
which  his  sagacity  advanced :  he  showed  that  in  vessels  con- 
taining a  limited  quantity  of  air,  combustibles  burn  and  waste 
for  a  limited  time;  and  change  its  quality  so  that  it  is  no 
longer  capable  of  supporting  combustion ;  and  he  showed  that 
they  undergo  no  loss  of  substance  when  heated  without  air : 
he  took  some  live  coals  and  put  them  under  a  glass  vessel — 
"  whereupon  the  said  cole  in  a  little  time  went  out;  but  being 
then  taken  out,  and  exposed  to  the  free  air,  recovered  its 
burning:"  sulphur  in  like  manner  would  not  burn  when 
"hermetically  sealed,"  and  charcoal  heated  without  air — "  was 
not  sensibly  diminished;"  he  added — "that  a  combustible 
substance  kept  red-hot,  yea  in  a  fire  as  hot  as  to  melt  copper, 
would  not  waste,  but  as  soon  as  fresh  air  was  admitted  did 
burn  away  and  consume."  Boyle  proposed  that  trial  should 
be  made  whether  the  extinguished  combustible  could  be  re- 
lighted by  the  burning-glass,  or  by  red-hot  iron ;  and  it  was 
found  that  it  could  not  be  rekindled  without  the  admission  of 
air.  * 

Yet  nothing  can  be  more  accurate  than  the  theoretical  ac- 
count of  combustion  given  in  the  Micrographia,  where,  laying 
*  New  Exp.  Physico-mechanical. 
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down  the  principle  that  "  the  different  volatility,  or  fixedness, 
of  the  parts  of  bodies  seems  to  consist  only  in  this,  that  the 
one  is  of  a  texture,  or  has  component  parts,  which  will  be 
easily  rarefied  into  the  form  of  air,  and  that  the  other  hath 
such  as  will  not  without  much  ado  be  brought  to  such  a  con- 
stitution," Hook  states  that  "in  the  dissolution  of  sulphureous 
[combustible]  bodies,  by  a  substance  inherent  in,  and  mixed 
with,  the  air,  which  is  like,  if  not  the  very  same  with,  that  fixed 
in  saltpetre,  a  certain  part  of  the  bodies  is  united  and  mixed, 
or  dissolved  and  turned  into,  the  air,  and  made  to  fly  up  and 
down  with  it,  in  the  same  manner  as  a  metalline  or  other  body, 
dissolved  into  any  menstruum,  doth  follow  the  motions  and 
progress  of  that  menstruum  till  it  be  precipitated." 

Even  the  fact,  afterwards  proved  by  Cavendish,  of  the  den- 
sity of  the  gaseous  product  of  this  dissolution,  was  predicted 
by  Hook ;  for  in  an  experiment — "  to  prove  that  the  substance 
of  a  candle  or  lamp  is  dissolved  by  the  air,  and  the  greatest 
part  thereof  reduced  into  ajluid  in  the  form  of  air," — he  ob- 
serves, that  "  the  reason  why  this  mixed  body,  which  certainly 
is  otherwise  heavier  than  the  air,  and  so  ought  to  descend,  doth 
notwithstanding  ascend,  is  from  the  extraordinary  rarefaction 
of  the  same  by  the  nearness  and  centrality  of  the  flame  and 
heat,   whereby  it  is  made  much  lighter  than  the  ambient 


air 


*  » 


"  *  Experiment  to  prove  that  the  substance  of  a  candle  or  lamp  is  dis- 
solved by  the  air,  and  the  greatest  part  thereof  reduced  into  a  fluid  in  the 
form  of  air — showed  the  Royal  Society  22-29  Feb.  1671-2." — Registry  of 
the  Royal  Society. 

"  Using  a  large  reflecting  glass,  or  convex  refracting  one,  so  placed  in  re- 
spect to  my  eye  that  a  candle,  set  at  a  certain  distance  beyond  the  refract- 
ing glass,  or  between  the  eye  and  the  surface  of  the  reflecting  glass,  en- 
lightened the  whole  area  of  the  said  glasses  in  respect  to  the  eye,  then  con- 
tinuing to  keep  the  eye  in  that  place  where  the  area  of  the  glasses 
appeared  to  be  wholly  filled  with  the  flame  of  the  candle,  I  caused  another 
candle  to  be  placed  very  near  the  said  glasses,  between  the  eye  and  the 
glass,  or  beyond  where  I  used  the  refracting  glass,  then  looking  steadfastly 
at  the  flame  of  the  last  candle,  it  was  very  plain  to  be  perceived,  that  the 
flame  thereof  was  encompassed  with  a  stream  of  liquor,  .which  seemed  to 
issue  out  of  the  wick,  and  to  ascend  up  in  a  continued  current  or  jet  d'eau, 
and  to  keep  itself  entire  and  unmixed  with  the  ambient  air,  notwithstanding 
that  it  was  a  considerable  way  carried  above  the  aforesaid  flame.  T  was 
yet  further  observable  that  the  shining  flame  was  placed  in  the  midst  of  this 
jet  d'eau  at  the  lower  end  thereof,  but  that  it  did  not  ascend  proportionally 
in  height  to  the  height  of  the  jet  d'eau,  that  where  the  tip  of  the  flame 
ended,  there  ascended  up  a  small  line  of  an  opacousbody  or  smoke,  which 
to  a  good  height  above  the  flame  kept  the  middle  of  the  stream.  The  ma- 
nifestation of  these  phaenomena  was  from  the  differing  refraction  of  the 
body  of  the  jet  d'eau  from  that  of  the  ambient  air,  for  the  flame  of  the  first 
candle  being  but  small  and  placed  at  considerable  distance  from  the  re- 
fracting and  reflecting  globe,  the  smallest  variation  in  the  refraction  of  the 
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The  production  of  volatile  salts  in  combustion,  by  an  analo- 
gous process  of  combination,  seems  likewise  to  have  been  ap- 
prehended by  him,  where  he  represents  "other  parts  of  the 
combustible,"  not  capable  of  the  aerial  form,  as  nevertheless 
so  "mixing  and  uniting  with  the  parts  of  the  air,"  as  "to 
make  a  coagulum  or  precipitation,  as  one  may  call  it,  which  is 
separated  from  the  air,"  but  being  light  and  volatile  is  carried 
up  by  its  motion,  till  the  agitation  that  kept  it  rarefied  ceases, 
and  it  condenses  into  "  a  certain  salt  which  may  be  extracted 
out  of  soot:"  and  the  view  thus  expressed  appears  from  the 
Registry  to  have  been  corroborated  at  one  of  these  sessions 
by  Boyle,  who  observed  that  "  vegetables  reduced  in  the  open 
air  yield  store  of  volatile  salt  like  that  of  hartshorn  and  other 
animal  bodies,  whereas  in  common  distillations  he  had  not 
found  them  to  yield  a  grain." 

Hook  produced  evidence  also  before  the  Society  of  that 
sameness  of  effect,  by  which  he  identified  the  particular  ingre- 
dient in  the  air  that  supports  combustion  with  one  of  the 
fixed  constituents  of  nitre.  To  this  purport  he  "  made  an  ex- 
periment with  charcoal  enclosed  in  a  glass,  to  which  nitre  being 
put,  and  the  hole  suddenly  stopped  up,  the  fire  revived,  al- 
though no  fresh  air  could  get  in,"— and  another  "of gun- 
powder burning  without  air." 

It  is  curious  to  remark  that  a  similar  experiment  was  made 
some  fifty  years  before  by  the  Cabbalist  and  Rosicrucian  an- 
tagonist of  Kepler  and  Mersenne,  Fludd ;  who  in  proof  "  that 
the  substance  of  saltpetre  is  nothing  else  but  air  congealed 
by  cold*,"  relates  that  he  filled  an  egg  with  it,  mixed  with 
sulphur  and  quick  lime,  and  closing  the  aperture  with  wax 

medium  between  the  first  candle  and  the  eye  caused  the  darkness  to  inter- 
mix with  the  light,  so  as  to  exhibit  the  appearance  of  the  heterogeneous 
jet  d'eau.  This  jet  deau  I  suppose  to  be  nothing  else  but  the  mixture  of  the 
air  with  the  parts  of  the  candle  which  are  dissolved  into  it  in  the  flame. 
The  reason  why  this  mixed  body,  which  certainly  is  otherwise  heavier  than  the 
air,  and  so  ought  to  descend,  doth  notwithstanding  ascend  with  great  swift- 
ness,  is  first  from  the  ascent  of  the  flame  in  the  middle,  and  next  from  the 
extraordinary  rarefaction  of  the  same  by  the  nearness  and  centrality  of  the 
flame  and  heat,  whereby  it  is  made  much  lighter  than  the  ambient  air." 

*  "  Videmus  salis  petrae  substantiam  nihil  aliud  esse  quam  a'erem  frigore 
congelatum,  cui  si  accedit  sulphuris  aliqua  portio,  licet  exigua,  admodum 
strepitum  ingentem  edit,  fulguraque  artificialia  emittit." — Utriusque  Cosmi 
Historia,  vol.  i.  tract.  1.  lib.  7.  cap.  6.  De  fulmine  et  tonitru,  1617. 
"  In  2da  demonstratione,  candela  in  fundo  vasis  alicujus  aqua  repleti  affi- 
gitur,  cujus  flamma  per  orificitim  phialae  ingrediens,  depresso  ejus  orificio 
ad  angulos  rectos  cum  candela  in  vasis  aqua',  sursum  attrahet  tantam  aquae 
proportionem  quantam  aeris  in  phiala  inclusi  consumpserit;  aer  enim  nutrit 
igncm,  et  nutriendo  consumitur;  ae  ne  vacuum  admittatur,  aqua,  hoc  est 
tertium  elementum,  locum  possidet  aeris  comesti." — Ibid,  tract,  2.  part.  1. 
lib.  3.  Reg.  6. 

2  L2 


492  Rev.  W.  V.  Harcourt  on  Lord  Brougham's  statements, 

placed  the  egg  under  water,  where  it  exploded.  Fludd  also 
burnt  a  candle  in  a  glass  vessel  over  water,  and  observed  that 
it  raised  the  water  in  proportion  to  the  quantity  of  air,  en- 
closed in  the  vessel,  which  was  consumed  and  burnt;  for 
"air,"  he  adds,  "  nourishes  fire,  and  in  nourishing  consumes 
it."  This  sounds  like  the  truth  which  Hook  announced :  but 
Fludd  had  no  distinct  idea  of  the  weight  of  air,  or  of  the  great 
principle  which  led  that  philosopher  to  predict,  and  observe, 
ponderable  products  from  its  consumption. 

Boyle  supported  Hook's  views  by  "affirming  that  gun- 
powder burns  very  well  in  a  receiver  out  of  which  the  air  has 
been  extracted,"  and  he  afterwards  took  the  pains  to  experi- 
ment with  nitre  compounded  of  nitric  acid  and  potash  out  of 
contact  with  the  atmosphere  "m  vacuo  Boyleano,"  for  the 
sake  of  "  removing  the  suspicion  that  it  does  not  burn  without 
air  being  supplied  by  the  numerous  eruptions  of  the  aerial 
particles  intercepted,  by  those  that  by  their  coalition  make  up 
the  nitrous  corpuscles*."  Boyle  also  remarked  at  this  discus- 
sion that  "tin  mixed  with  nitre  will  kindle  it;"  to  which 
Hook  added,  that  filings  of  iron  will  do  the  same.  This  re- 
mark was  justly  deemed  of  such  importance,  that  the  Society 
ordered  the  experiment  to  be  tried ;  and  it  was  found  that 
"  filings  of  tin  being  cast  on  nitre,  over  a  fire,  made  it  flame ; 
though  it  benot  known,"  adds  thewriter  of  the  Minutest,  "that 
sulphur  was  ever  extracted  out  of  tin ;  which  seems  to  infer 
that  there  are  bodies  combustible  which  are  not  sulphureous" 

The  only  verification,  in  the  Registty,  of  the  intimation 
given  in  the  Micrographia  that  the  same  principle  in  the  air 
which  supports  combustion  is  concerned  "in  respiration  and 
the  preservation  of  life,"  consists  in  an  experiment  suggested 
by  Dr.  Ent,  in  which  a  bird  was  enclosed  with  a  chaffer  of 
live  coals  in  a  receiver ;  the  Society  observed  the  extinction 
of  the  fire  to  be  followed  by  failure  of  vitality  in  the  bird,  which 
revived  on  the  readmission  of  air. 

After  these  inquiries  Dr.  Wilkins  proposed  (on  the  8th  of 
March  1764)  "that  the  following  experiment  (of  Dr.  Wren's 
suggestion)  might  be  made,  viz.  to  put  a  fermenting  liquor  in 
a  glass  ball  to  which  a  stop-cock  should  be  fitted,  and  to  tie  a 
bladder  about  the  top  of  the  stop-cock,  by  which  means  a 
certain  air  generated  by  the  fermenting  liquor  would  pass  into 
the  bladder,  and  upon  the  turning  of  the  stop-cock  be  kept 
there  in  the  form  of  air  without  relapsing  into  water.  This, 
or  the  like,  to  be  tried  at  the  next  meeting.  Mr.  Hook  men- 
tioned several  liquors  that  by  their  working  upon  one  another 

*  New  Experiments  touching  Flame  and  Air. 
t  Oldenburg. 
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would  generate  an  air ;  viz.  oil  of  tartar  and  vitriol,  spirit  of 
wine  and  turpentine,  &c.  Colonel  Blunt  added  that  oysters 
pounded  and  put  into  wine  would  make  it  ferment." 

"On  the  15th  of  March,  the  experiment  of  generating  air 
was  made  in  this  manner.  There  was  taken  a  common  glass 
phial  with  two  pipes,  and  some  pounded  oyster-shells  and 
aquafortis ;  and  as  soon  as  the  aquafortis  was  by  one  of  the 
pipes  poured  in  upon  the  powder,  and  the  hole  stopped  with 
a  piece  of  hard  cement,  the  ebullition  caused  by  the  corrosion 
of  the  shells  by  the  aquafortis  did  in  a  very  little  time  blow  up 
the  bladder  (tied  on  the  other  pipe)  so  as  to  swell  it  with  air, 
very  plump;  which  expansion  remained  till  the  rising  of  the  So- 
ciety, when  the  vessel  in  that  posture  was  locked  up  in  the  box 
of  the  watch,  to  remain  there  until  the  next  assembly."  Dr. 
Wren  made  use  of  this  experiment — "  to  explicate  the  motion 
of  the  muscles  by  explosion."  "  There  was  also  taken  a  bottle 
containing  strong  ale  that  had  been  bottled  awhile ;  and  over 
the  bottle's  mouth  was  tied  an  ox-bladder  out  of  which  the 
air  was  squeezed ;  after  which  by  loosening  the  cork  by  de- 
grees the  air  was  blown  out  into  the  bladder  by  the  expansion 
of  the  fermenting  liquor  within,  and  the  bladder  was  almost 
half-filled  with  an  aerial  spirit  generated  by  the  working 
liquor."  Mr.  Boyle,  bearing  perhaps  in  mind  his  anecdote  of 
Drebell's  submarine  vessel,  suggested  that  the  experiment  was 
capable  of  improvement  for  the  producing  of  air  under  water, 
and  mentioned  coral,  or  oyster-shells,  and  distilled  vinegar,  as 
wholesome  substances  for  that  purpose:  he  moved  that  an 
animal  might  be  put  into  the  receiver  of  his  engine  and  the 
air  exhausted  till  the  creature  grew  sickly,  and  that  then  some 
new  air  might  be  produced  in  the  receiver  by  a  contrivance 
of  making  distilled  vinegar  work  upon  coral,  to  see  whether 
by  this  means  the  animal  could  be  revived.  Dr.  Wilkins 
moved  that  at  the  next  meeting  the  air  generated  by  the  mix- 
ture of  aquafortis  and  the  pounded  oyster-shells  might  be 
blown  into  a  dog's  or  cat's  mouth,  to  see  what  would  be  the 
effect  thereof." 

"  On  the  22nd  of  March  there  were  two  experiments  made 
for  the  finding  out  a  way  to  breathe  under  water,  useful  for 
divers.  The  first  was  made  by  putting  a  bird  into  a  rarefying 
engine,  and  with  it  a  glass  bottle  with  distilled  vinegar  and 
pounded  oyster-shells,  which  whilst  the  vinegar  is  dissolving 
them  affords  a  stream  supposed  to  be  a  kind  of  new  air  fit  for 
respiration.  The  bottle  was  also  close  stopped  with  a  cork, 
so  ordered  that  by  pulling  the  stop-cock  placed  on  the  top  of 
the  receiver,  the  cork  might,  by  turning  it,  be  pulled  out 
without  admitting  an  ingress  of  the  external  air  into  the  re- 
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ceiver  at  all :  then  the  receiver  being  accurately  cemented  to 
the  engine  the  air  was  pumped  out ;  whereupon  the  bird  grew 
sick,  and  when  he  was  thought  near  dying,  the  bottle  was  un- 
stopped, that  the  streams  and  supposed  air  that  had  been  shut 
up  in  it  during  the  operation  might  have  liberty  to  expand 
themselves  in  the  receiver  for  the  refreshing  and  recovering 
of  the  animal :  but  here  it  succeeded  not ;  in  so  much  that 
though  the  bird  was  taken  out  of  the  receiver  and  exposed  to 
the  fresh  air,  yet  it  recovered  not." 

"  The  other  experiment  was  made  with  a  kitling  after  the 
manner  of  the  former,  only  that  instead  of  distilled  vinegar 
was  employed  aquafortis,  whereof  the  success  was,  that  the 
air  being  drawn  out  till  the  cat  had  done  struggling,  and  was 
upon  the  point  of  expiration,  and  the  bottle  being  unstopped 
to  emit  the  streams  and  supposed  air  into  the  receiver,  the 
cat  did  soon  begin  to  recover,  whereupon  the  animal  had 
fresh  air  given  it,  which  was  again  exhausted,  to  see  whether 
it  would  revive  of  itself,  without  any  nitrous  exhalation ;  but 
after  this  exhaustion  the  cat  appeared  to  be  dying,  whereupon 
she  was  after  a  little  while  taken  out  into  the  open  air  wherein 
she  revived  again." 

"  It  was  also  moved  that  a  standarpl  might  be  used  to  know 
what  quantity  of  air  was  generated." 

"  The  glass  phial  with  the  swelled  bladder,  experimented 
upon  at  the  last  meeting  and  shut  up  till  this  day,  was  pro- 
duced, and  the  bladder  found  evidently  shrunk.  Ordered  to 
be  tried  next  day  with  a  glass  phial  whelmed  under  water, 
thereby  to  gather  all  the  bubbles  of  the  air  generated  by  the 
corrosion." 

"  On  being  inquired  how  it  was  known  that  that  which  was 
supposed  to  be  air  produced  by  the  dissolving  of  pounded 
oyster-shells  by  spirit  of  nitre,  or  distilled  vinegar,  or  aqua- 
fortis, was  true  air,  and  answer  being  made  by  the  President  * 
— that  a  body  rarefied  by  heat,  and  condensed  by  cold,  was  air, 
the  bladder  was  put  to  the  fire  where  it  expanded  again  as 
much  as  formerly  and  being  removed  from  thence  became 
somewhat  flaccid  again." 

"  It  being  moved  that  it  might  be  tried  whether  the  streams 
produced  by  the  operation  of  distilled  vinegar  upon  the  pow- 
der of  oyster-shells  were  convenient  for  respiration,  the  trial 
was  made,  and  the  bottle  wherein  that  dissolution  was  per- 
formed, carried  about  to  the  company  for  every  one  to  smell 
to  it,  and  it  was  found  by  most  of  the  company  incommodious, 
as  it  was  undiluted." 

'*  It  being  moved  by  Mr.  Hook  that  the  air-boxes  contrived 
*  Lord  Brouncker. 
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for  diving  might  be  tried  by  the  persons  bespoke  by  Mr.  Pepys 
for  diving,  it  was  ordered  that  this  diver  should  be  sent  to  Mr. 
Hook  to  be  instructed  by  him  touching  the  use  of  the  said 
boxes  under  water." 

"  On  the  29th  of  March  an  experiment  was  made  for  the 
generating  of  air  by  putting  aquafortis  and  the  powder  of 
oyster-shells  in  a  small  glass  phial  under  water,  and  whelming 
a  large  glass  filled  with  water  over  it  to  receive  the  steam  to 
be  generated  by  the  corrosion :  the  success  whereof  was  that 
the  whelmed  glass  was  filled  about  ith  full  with  an  aerial  sub- 
stance— ordered  to  be  set  by  till  the  next  meeting." 

"  It  was  moved  that  a  way  might  be  thought  on,  of  pro- 
ducing an  air  that  might  be  useful  to  respire." 

"  On  the  12th  of  April  Mr.  Boyle  proposed  [inter  alia]  to 
try  whether  the  eggs  of  silkworms  and  snails  would  be  hatched, 
as  also  whether  seeds  would  germinate  and  thrive,  all,  in  an 
exhausted  receiver." 

"  Dr.  Goddard  affirmed  that  plants  live  as  much  upon  air 
as  the  earth." 

"  Mr.  Hook,  being  called  upon  to  give  an  account  of  one 
of  the  last  days  experiments  touching  the  air  generated  by 
aquafortis  and  the  powder  of  oyster-shells,  reported  that  the 
greatest  part  of  it  was  returned  into  liquor." 

"  The  same  was  ordered  to  make,  the  next  day,  the  expe- 
riment of  generating  air  with  bottled  ale,  supposed  to  be 
wholesome  to  breathe  in,  which  the  air  hitherto  generated  is 
not*." 

On  June  the  14-th  "  an  account  was  given  of  an  experiment 
of  the  growth  of  water-cresses  in  a  receiver."  Having  been 
kept  for  a  week  in  an  exhausted  receiver  they  showed  no 
growth  ;  the  air  being  admitted  "  they  grew  in  the  same  time 
two  or  three  inches." 

These  experiments  remained  unprinted :  but  a  more  com- 
plete discussion  of  the  same  subjects  not  long  afterwards  ap- 
peared. In  1668,  at  the  early  age  of  23,  Mayow,  adopting 
the  theory  of  Hook,  published  a  tract  in  which  "  he  delivered 
his  thoughts  of  the  use  of  respiration,  waving  those  opinions 
that  would  have  it  serve  either  to  cool  the  heart,  or  to  make 
the  blood  pass  through  the  lungs  out  of  the  right  ventricle  of 
the  heart  into  the  left,  or  to  reduce  the  thicker  venal  blood 
into  thinner  and  finer  parts,  and  affirming  that  there  is  some- 
thing in  the  air  absolutely  necessary  to  life,  which  is  conveyed 

*  On  the  24th  of  May  in  this  year  (1764)  the  following  record  is  entered  : 
"The  king  had  been  pleased  himself  to  make  the  observation  (on  the 
variation  of  the  needle)  at  Whitehall,  and  had  found  no  variation  at  all, 
the  needle  standing  in  the  meridian." 
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into  the  blood,  which  whatever  it  be  being  exhausted  the  rest 
of  the  air  is  made  useless,  and  no  more  fit  for  respiration ; 
where  yet  he  doth  not  exclude  this  use,  that,  together  with 
the  expelled  air,  the  vapours  also  steaming  out  of  the  blood 
are  thrown  out.  And  inquiring  what  that  may  be  in  the  air 
so  necessary  to  life  he  conjectures  that  it  is  the  more  subtle 
and  nitrous  particles  with  which  the  air  abounds  which  are 
communicated  to  the  blood  through  the  lungs,  and  this  aerial 
nitre  he  makes  so  necessary  to  all  life,  that  even  plants  them- 
selves do  not  grow  in  earth  deprived  thereof*." 

In  1 673-74  he  gave  a  fuller  account  of  his  opinions  in  an- 
other treatise  f,  the  views  contained  in  which  exhibit  one  of 
the  finest  examples  extant  of  the  success  with  which  a  man  of 
philosophical  genius,  having  seized  a  true  principle,  may  de- 
duce from  the  observation  of  a  few  facts  distinctly  apprehend- 
ed a  whole  train  of  real  and  important  consequences,  long  be- 
fore the  principle  itself  can  be  deemed  to  have  been  proved 
by  demonstrative  experiments. 

In  reproducing  the  theory  of  the  Micrographia,  he  took  no 
care  to  give  the  original  author  of  it  the  credit  which  was  due ; 
and  in  his  own  turn  is  passed  unmentioned  by  Lavoisier,  who 
did  not  distinguish  this  precursor  of  his  own  discoveries  from 
the  rest  of  his  chemical  predecessors,  on  whom  he  pronounces 
this  general  censure — that  "  they  all  allowed  themselves  to  be 
carried  away  by  the  spirit  of  their  age,  which  contented  itself 
with  assertions  without  proofs,  or  at  least  often  regarded  very 
slight  probabilities  as  such!," — a  censure  which  it  is  but  just 
to  qualify  by  the  reflection,  that  in  experimental  philosophy 
solid  proofs  are  not  to  be  discovered  without  the  preliminary 
of  happy  conjectures. 

In  this  tract  Mayow  expressly  says,  "  Though  the  particles 
of  air  are  very  minute,  and  are  vulgarly  taken  for  an  element 
of  the  greatest  simplicity,  it  appears  to  me  necessary  to  judge 
them  to  be  a  compound  §;  and  he  adds, — "  it  is  manifest  that 
the  air  is  deprived  of  its  elastic  force  by  the  respiration  of 
animals  much  in  the  same  manner  as  by  the  deflagration  of 
flame."  The  latter  assertion  he  made  good  by  experiment : 
he  not  only  observed,  but  measured,  the  amount  of  elastic 
force  lost  in  both  these  cases;  and  he  proved  that  animals, 
when  confined  in  air  which  has  been  already  diminished  by 
combustion,  survive  but  half  the  time  that  they  would  have  lived 

*  "  An  account  of  two  books — Tractatiis  duo,  prior  tie  Respiratione, 
a  Joh.  Mayow,  Oxon.  1668."     Phil.  Trans.  No.  41.  p.  833. 
f  Tract  5.  Med.  Phys.  Imprini.  Jul.  17,  1673. 
\   Traite  de  Chimie.     Discours  preliminaire,  tome  i.  p.  16. 
§  Tract,  de  parte  aerea  igncaque  Spiritus  Nitri,  cap.  7«  p.  114. 
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in  an  equal  volume  of  common  air*.  But  he  advanced  little 
beyond  his  predecessor  in  demonstrating  the  air  to  be  a  com- 
pound. It  is  not  to  be  supposed  he  says  that  that  aerial  sup- 
porter of  combustion  is  the  whole  air,  but  only  a  part  of  it, 
which  is  more  active  and  subtle  than  the  rest;  since  a  light 
enclosed  under  a  glass  expires,  even  whilst  the  vessel  still  con- 
tains abundance  of  air:  for  we  cannot  believe  that  the  par- 
ticles of  air  which  were  in  the  said  glass  can  be  annihilated, 
nor  yet  dissipated',  since  they  cannot  pass  through  the  glass." 
But  this  reasoning,  though  probable,  is  not  conclusive ;  since 
it  was  certainly  possible  that  the  enclosed  air  might  have  been 
diminished  by  condensation  instead  of  abstraction,  and  have 
become  unfit  to  burn  and  to  be  breathed  by  a  total  vitiation, 
instead  of  a  partial  loss. 

Yet,  after  all,  Mayow's  reasoning  appears  to  advantage  by 
the  side  of  Priestley's,  or  Scheele's,  even  when  in  the  pro- 
gress of  experiment  his  nitro-aerial  spirit,  or  fire-air,  had 
been  actually  divorced  from  "  its  consort,"  and  when  the  latter 
great  chemist  had  approached  a  complete  analysis  of  the  at- 
mosphere. For  so  difficult  did  Scheele  find  it  to  interpret 
his  own  experiments,  that  when  he  had  in  his  hands  the  "  liver 
of  sulphur"  which  had  produced  a  given  diminution  in  a  given 
volume  of  air, — when  he  had  found  the  specific  gravity  of  the 
diminished  air  to  be  less  than  that  of  common  air,  and  the 
"  fire-air,"  which  he  had  succeeded  in  separating  from  nume- 
rous substances,  to  have  a  greater  specific  gravity,  as  well  as 
a  greater  power  of  supporting  combustion, — when  by  re- 
uniting them  he  had  recomposed  an  air  with  all  the  proper- 
ties of  common  air  restored, — when  he  had  arrived  at  the  con- 
clusion— "  that  the  air  consists  of  two  different  kinds  of  elastic 
fluids,"  and  that  the  "Jire-air"  makes  between  a  third  and  a 
fourth  of  the  whole  bulk, — when  coming  finally  to  the  ultimate 
question  of  the  analysis,  he  failed  to  find  the  «  lost  air  "  in  the 
liver  of  sulphur.  Then  he  gave  the  reins  to  his  imagination, 
and  embracing  the  idea,  that  heat  is  a  compound  of  "  fire-air  " 
with  an  imaginary  substance  invented  by  Stahl,  concluded 
that  by  the  action  of  a  double  affinity  the  "  fire-air  "  in  his 
experiment  had  combined  with  the  phlogiston  of  the  liver  of 
sulphur,  and  that  the  compound  had  passed  through  the  pores 
of  the  glass  by  which  it  had  before  been  confined.     Where 

*  Tract,  de parte  a'erea  igneaque  Spiritus  Nitri,  cap.  7-  p.  101.  "Comperi 
aerem  per  lucerna?  deflagrationem  in  spatiutn  ex  parte  circiter  tricesima 
minus  quam  antea  reductum  esse.  Postquam  fumi  lucernae  deflagrantis, 
quibus  cucurbita  praedicta  repleta  est,  prorsus  evanuerunt,  vitrunique  intus 
aeque  ac  prius  pellucidum  evasit,  conatus  sum  secunda  vice  lucernam  in 
eadem  accendere,  radios  solares  in  aliam  camphorae  portionem,  in  vitro  eo 
pariter  suspensam,  uti  prius  conjiciendo." 
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weight  disappears,  analysis  is  impossible.  So  he  left  the  com- 
position of  the  atmosphere  to  be  demonstrated  by  those  who 
believed,  with  Mayow,  that  elastic  fluids  cannot  penetrate 
glass,  and  who  took  the  pains  to  weigh  both  the  air  and  the 
substances  by  which  it  was  diminished  ;  whilst  he  went  on  pur- 
suing the  phantom  of  his  imaginative  genius  to  the  examina- 
tion of  imponderable  essences  and  the  great  discovery  of  the 
chemical  forces  of  light,  and  of  the  distinctions  between  the 
heat  of  contact,  and  the  heat  of  radiation*. 

But  what  shall  we  say  to  the  improvements  of  Priestley  on 
the  principles  of  Mayow  ?  Priestley — who  many  months  after 
he  is  said  by  you,  and  others,  to  have  discovered  oxygen  gas, 
tells  us  himself,  that  he  "  had  no  doubt  it  had  all  the  proper- 
ties of  genuine  common  air."  On  the  1st  of  August  1774, 
Priestley  with  a  burning-glass,  following  the  method  of  Boyle, 
collected  this  gas  and  observed  "  that  a  candle  burnt  in  it  with 
a  remarkably  vigorous  flame,  but  did  not  give  sufficient  atten- 
tion to  the  circumstance  at  that  time — that  the  flame  of  the 
candle,  besides  being  larger,  burnt  with  more  splendour  and 
heat,  than  in  nitrous  air  exposed  to  iron  or  liver  of  sulphur."  In 
the  October  following,  "  I.  mentioned,"  he  says,  "  my  surprise 
at  the  air  I  had  got,  to  M.  Lavoisier,  but  at  the  same  time  had 
no  suspicion  that  it  was  wholesome,  so  far  was  I  from  know- 
ing what  it  was  that  I  had  really  found,  and  taking  for  granted 
that  it  was  nothing  more  than  such  kind  of  air  as  I  had  brought 
nitrous  air  to  be  by  the  processes  above-mentioned."  He 
mentioned  it  also  to  all  his  philosophical  acquaintance  at  Paris 
and  elsewhere,  "  having  no  idea  at  that  time  to  what  these 
remarkable  facts  would  lead."  On  the  1 9th  of  November 
however,  having  agitated  it  in  water,  he  "  found  that  a  candle 
still  burned  in  it  as  well  as  in  common  air,"  though  after  "  the 
same  degree  of  agitation  phlogisticated  nitrous  air  would  cer- 
tainly have  extinguished  a  candle."  "  In  this  ignorance,"  he 
adds,  "  of  its  real  nature  I  continued  from  this  time  to  the 
1st  of  March  following."  "  But  in  the  course  of  this  month 
I  not  only  ascertained  the  nature  of  this  kind  of  air,  though 
very  gradually ;  but  was  led  by  it,  as  I  then  thought,  to  the 
complete  discovery  of  the  constitution  of  the  air  we  breathe. 
Till  this  1st  of  March  1775,  I  had  so  little  suspicion  of  its 
being  wholesome,  that  I  had  not  even  thought  of  applying  to 
it  the  test  of  nitrous  air;"  "  but  it  occurred  to  me  at  last  to 
make  the  experiment,  and  putting  one  measure  of  nitrous  air 
to  two  measures  of  this  air,  I  found  not  only  that  it  was  dimi- 
nished, but  that  it  was  diminished  quite  as  much  as  common 
air,  and  that  the  redness  of  the  mixture  was  likewise  equal  to 

*  Scheele's  Experiments  on  Air  and  Fire. 
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that  of  a  similar  mixture  of  nitrous  and  common  air.  After 
this  I  had  no  doubt  but  that  the  air  from  mere,  calcinatus  was 
fit  for  respiration,  and  that  it  had  all  the  other  genuine  pro- 
perties of  common  air.  But  I  did  not  take  notice  of  what  I 
might  have  observed  if  I  had  not  been  so  fully  possessed  by 
the  notion  of  there  being  no  air  better  than  common  air,  that 
the  redness  was  really  deeper,  and  the  diminution  something 
greater,  than  common  air  would  have  admitted.  /  now  con- 
cluded that  all  the  constituent  parts  of  the  air  were  equally  and 
in  their  proper  proportion  imbibed  in  the  preparation  of  this 
substance,  and  also  in  the  process  of  making  red  lead*" — a 
conclusion  identical  with  the  ideas  of  Rey  in  1630. 

The  next  step  in  Priestley's  inquiry  was  the  employment 
of  Mayow's  mice,  which  convinced  him  that  this  air  was 
longer  respirable  than  common  air;  but  his  ideas  of  it  were 
less  accurate  than  Mayow's,  for  instead  of  considering  it,  with 
him,  a  constituent  part  of  nitric  acid,  he  thought  it  a  compound 
of  nitric  acid  and  earth',  and  in  December  1777,  "no  doubt 
remained  on  his  mind  that  atmospheric  air,  or  the  thing  that 
we  breathe,  consists  of  the  nitrous  [nitric]  acid  and  earth, 
with  so  much  phlogiston  as  is  necessary  to  its  elasticity,  and 
likewise  so  much  more  as  is  necessary  to  bring  it  from  its 
state  of  perfect  purity  to  the  mean  condition  in  which  we 
find  it." 

You  now  see  the  error  into  which  you  have  fallen  when 
you  represent  Priestley  as  discovering  before  Lavoisier  that 
"  this  was  a  gas  wholly  different  from  all  other  gases  formerly 
known,"  and  may  perhaps  suspect  that  you  are  not  justified 
in  condemning  as  "  an  unworthy  and  lamentable  proceeding  " 
on  Lavoisier's  part,  "  the  intruding  himself  into  the  history  of 
this  discovery,  knowing  that  Priestley  was  the  sole  discoverer." 
A  property  of  this  gas,  which  under  Priestley's  observation 
had  led  to  nothing,  in  the  hands  of  Lavoisier  gave  rise  to  one 
of  the  most  important  investigations  in  the  annals  of  chemistry ; 
he,  it  appears  from  your  own  admission,  had  ascertained  the 
relations  of  this  elementary  substance  to  various  bases  and  to 
the  atmosphere,  between  August  1774  and  March  1775,  at 
which  date  the  foregoing  extracts  show  the  "sole  author  of  the 
discovery"  to  have  "had  no  doubt  that  it  had  all  the  genuine 
properties  of  common  air"  Whoever  may  be  called  the 
discoverer  of  oxygen,  whether  Hook  and  Mayow,  who  first 
inferred  its  existence  in  nitre  and  in  air, — or  Boyle,  who  first 
disengaged  the  elastic  gas  from  minium, — or  Hales,  who  col- 
lected it  from  the  same  material, — or  Nieuwentyt,  who  attri- 

*  Experiments  and  Observations  on  different  kinds  of  Air,  vol.  ii.  p.  1 13, 
ed.  1790. 
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buted  its  elasticity  to  "the  expansion  of  the  fire  particles 
lodged  in  the  minium,  supposing  fire  to  be  a  particular  fluid 
which  maintains  its  own  essence  and  figure,  remaining  always 
fire,  though  not  always  burning," — or  Priestley,  who  observed 
that  it  supported  combustion, — or  Lavoisier,  who  distinguished 
it  as  a  gas,  sui  generis,  and  determined  its  principal  com- 
binations,— if  the  question  be,  which  of  these  names  deserves 
the  highest  place  in  "the  history  of  this  discovery"  a  philoso- 
pher I  apprehend  might  be  apt  to  hesitate, — especially  perhaps 
between  those  which  stand  first  in  the  list,  and  that  which 
stands  last. 

But  you  have  made  a  greater  mistake  in  attributing  to 
Priestley  the  discovery  of  nitrogen* ;  and  in  that  mistake  have 
again  wronged  Cavendish  of  his  due.  Had  you  taken  the 
trouble  to  read  a  paper  on  this  subject  which  I  have  published 
from  his  MSS.f,  you  would  have  found  that  the  same  philoso- 
pher, who  exceeded  all  his  cotemporaries  in  analysing  the  air 
with  accuracy,  was  the  first  who  demonstrated  it  to  contain, 
after  burning,  a  mephitic  gas,  incapable  of  supporting  com- 
bustion, and  distinct  from  fixed  air:  you  would  have  known 
that,  some  time  before  Priestley's  publication  in  the  Philosophi- 
cal Transactions  of  March  1772,  Cavendish  communicated  to 
him  this  paper,  containing  all  the  details  of  an  experiment,  in 
which  a  measured  volume  of  air,  confined  under  water,  was 
passed  backwards  and  forwards  through  a  bent  tube  filled 
with  powdered  charcoal,  and  heated  red-hot — the  absorption 
was  found  to  be  definite,  and  the  total  loss  of  volume  was 
ascertained — the  fixed  air  was  separated  by  soap-leys — the 
volume  separated  was  observed  and  deducted — the  specific 
gravity  of  the  residual  gas  was  examined,  and  it  was  found 
" rather  lighter  than  common  air;"  lastly,  it  was  found  to 
extinguish  flame,  but  to  extinguish  it,  by  the  criterion  of  the 
watch,  more  slowly  than  fixed  air.  I  know  that  you  would 
be  far  from  conceding  to  me  that  any  experiment,  however 
skilfully  devised,  carries  with  it  its  own  conclusions :  but  then 
you  would  have  known  too  the  very  words  in  which  Cavendish 
conveyed  those  conclusions  to  Priestley — "  The  natural  mean- 
ing of  mephitic  air  is  any  air  which  suffocates  animals;  and 
this  is  what  Dr.  Priestley  seems  to  mean  by  the  word :  but  in 
all  probability  there  are  many  kinds  of  air  which  possess  this 
property:  I  am  sure  there  are  two — namely  fixed  air,  and 

*  This  discovery  has  been  also  erroneously  assigned  to  Rutherford,  to 
whom  Robison,  who  derides  "the  trifling  or  vague  writings  of  a  Nollet,  a 
Ferguson  or  a  Priestley,"  (Edinburgh  Evangel.  Physics,)  would  fain  ascribe 
also  a  share  in  the  discovery  of  oxygen. 

f  Report  of  the  British  Association,  Append,  to  Address,  p.  63. 
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common  air  in  which  candles  have  burned,  or  which  has  passed 
through  the  Jire.  Air  which  has  passed  through  a  charcoal 
fire  contains  a  great  deal  of  fixed  air  which  is  generated  from 
the  charcoal;  but  it  consists  principally  of  common  air  which 
has  suffered  a  change  in  its  nature  from  the  Jire.  As  I  formerly 
made  an  experiment  on  this  subject  which  seems  to  contain 
some  new  circumstances,  I  will  here  set  it  down*." 

This  important  communication  Priestley  scarcely  turned  to 
better  account  than  that  which  he  afterwards  received  from 
the  same  skilful  friend,  of  the  composition  of  water ;  he  quotes 
it  indeed  explicitly,  but  most  defectively,  in  his  paper  in  the 
Phil.  Transactions  of  1772.  "  Mr.  Cavendish,"  he  says, 
"favoured  me  with  an  account  of  some  experiments  of  his,  in 
which  a  quantity  of  common  air  was  reduced  from  180  to 
162  oz.  measures,  by  passing  through  a  red-hot  iron  tube 
filled  with  the  dust  of  charcoal  :  this  diminution  he  ascribed 
to  such  a  destruction  of  common  air  as  Dr.  Hales  imagined  to 
be  the  consequence  of  burning:  Mr.  Cavendish  also  observed 
that  there  had  been  a  generation  of  fixed  air  in  this  process, 
but  that  it  was  absorbed  by  soap-leys  :  this  experiment  I  also 

*  "  I  transferred  some  common  air  out  of  one  receiver  through  burning 
charcoal  into  a  second  receiver,  by  means  of  a  bent  pipe,  the  middle  of 
which  was  filled  with  powdered  charcoal  and  heated  red-hot,  both  receivers 
being  inverted  into  vessels  of  water,  and  the  second  receiver  being  full  of 
water,  so  that  no  air  could  get  into  it  but  what  came  out  of  the  first  re- 
ceiver and  passed  through  the  charcoal.  The  quantity  of  air  driven  out  of 
the  first  receiver  was  180  oz.  measures,  that  driven  into  the  second  receiver 
was  190  oz.  measures.  In  order  to  see  whether  any  of  this  was  fixed  air, 
some  soap-leys  were  mixed  with  the  water  in  the  basin  into  which  the  mouth 
of  this  second  receiver  was  immersed:  it  was  thereby  reduced  to  166  oz. ; 
so  that  24  oz.  measures  were  absorbed  by  the  soap-leys,  all  of  which  we 
may  conclude  to  be  fixed  air  produced  from  the  charcoal ;  therefore  14  oz. 
of  common  air  were  absorbed  by  the  fumes  of  the  burning  charcoal,  agree- 
able to  what  Dr.  Hales  and  others  have  observed,  that  all  burning  bodies 
absorb  air.  The  166  oz.  of  air  remaining  were  passed  back  again  in  the 
same  manner  as  before,  through  fresh,  burning  charcoal  into  the  other  re- 
ceiver: it  then  measured  167  oz.  and  was  reduced  by  soap-leys  to  162  oz.; 
so  that  this  time,  only  5  oz.  of  fixed  air  were  generated  from  the  charcoal, 
and  only  4  oz.  of  common  air  absorbed.  The  reason  of  this  was  that  since 
the  air  was  rendered  almost  unfit  for  making  bodies  burn  by  passing  once 
through  the  charcoal,  not  much  charcoal  could  be  consumed  by  it  the  se- 
cond time;  for  charcoal  will  not  burn  without  the  assistance  of  fresh  air, 
and  consequently  not  much  fixed  air  could  be  generated,  nor  much  common 
air  absorbed.  The  specific  gravity  of  this  air  was  found  to  differ  very  little 
from  that  of  common  air,  of  the  two  it  seemed  rather  lighter.  It  ex- 
tinguished flame,  and  rendered  common  air  unfit  for  making  bodies  burn, 
in  the  same  manner  as  fixed  air,  but  in  a  less  degree,  as  a  candle  which 
burnt  about  80"  in  pure  common  air  mixed  with  ■£■%  of  fixed  air,  burnt 
about  26"  in  common  air,  mixed  with  the  same  portion  of  this  burnt  air." 
The  gas  thus  obtained  by  Cavendish  was  nitrogen,  with  perhaps  -^  of  car- 
bonic oxide. 
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repeated,  with  a  small  variation  of  circumstances,  and  with 
almost  the  same  result."  He  takes  no  notice  of  the  distinc- 
tion established  in  Cavendish's  paper  between  "fixed  air," 
and  M  common  air  in  which  candles  have  burnt  or  which  has 
passed  through  the  fire;"  and  so  entirely  does  he  misunder- 
stand, or  disregard,  Cavendish's  intimation  of  the  relative 
levity  of  the  latter  when  purified  from  fixed  air  by  caustic 
potash,  as  to  "conclude,  after  making  several  trials,  that  the 
air  in  which  candles  have  burned  "  (without  having  been  sub- 
jected to  such  purification)  "is  rather  lighter  than  common 
air*'"  whilst  with  regard  to  the  lost  air,  which  the  paper 
communicated  to  him  described  as  "  absorbed  by  the  fumes  of 
the  burning  charcoal"  he  represents  Cavendish  as  having 
ascribed  that  loss  to  the  "  destruction  of  common  air." 

Though  Priestley  however  here  proves  himself  not  to  have 
been,  as  you  imagine,  the  discoverer  of  nitrogen,  this  indi- 
stinct, but  fruitful,  experimenter  gave  in  the  same  document 
three  original  and  pregnant  notifications ;  for  he  announced 
in  it — 1.  the  effect  of  vegetables  in  restoring  the  respirable 
quality  of  the  air  ;  2.  the  application  of  the  known  absorbing 
power  of  nitrous  gas,  as  a  test  of  that  respirable  quality; 
3.  his  observation  that  candles  burn  with  an  enlarged  flame 
in  the  gas  produced  by  the  distillation  of  nitre f.  This  ob- 
servation it  is  from  which  those  who  call  him  the  discoverer 
of  oxygen  should  date  the  discovery:  for  he  knew  as  much 
of  the  gas  from  nitre  in  1772  as  of  that  from  minium  in  1774- ; 
and  it  was  the  application  of  nitrous  gas  here  stated,  which 
led,  in  1780,  in  the  hands  of  Cavendish,  to  the  first  accurate 
analysis  of  the  atmosphere,  and  in  1781  to  the  solution  of  the 
great  problem — what  becomes  of  the  air  lost  in  the  combustion 
of  hydrogen  gas  ? 

In  scientific  value  doubtless  there  can  be  no  comparison 
between  the  experimental  inductions  of  Cavendish,  or  La- 

*  "  I  could  not  find  any  considerable  difference  in  the  specific  gravity  of 
the  air  in  which  candles  or  brimstone  had  burnt  out.  I  am  satisfied  how- 
ever that  it  is  not  heavier  than  common  air,  which  must  have  been  munifest 
if  so  great  a  diminution  of  the  quantity  had  been  owing,  as  Dr.  Hales  and 
others  supposed,  to  the  elasticity  of  the  whole  mass  being  impaired.  After 
making  several  trials  for  this  purpose  I  concluded  that  air  thus  diminished 
in  bulk  is  rather  lighter  than  common  air." — Phil.  Trans.  1772,  p.  164. 

f  "  All  the  kinds  of  factitious  air  on  which  I  have  yet  made  the  experi- 
ment are  highly  noxious,  except  that  which  is  extracted  from  saltpetre  or 
alum ;  but  in  this  even  a  candle  burned  just  as  in  common  air.  In  one  quan- 
tity which  I  got  from  saltpetre  a  candle  not  only  burned,  but  the  flame  was 
increased,  and  something  was  heard  like  a  hissing,  similar  to  the  decrepita- 
tion of  nitre  in  an  open  fire ;  this  experiment  was  made  when  the  air  was 
fresh  made,  and  while  it  contained  some  particles  of  nitre  which  it  would 
probably  have  deposited  afterwards." — Phil.  Trans.  1772,  p.  245. 
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voisier,  and  the  inferences  of  those  earlier  philosophers  whose 
speculations  we  are  engaged  in  investigating:  but  when  we  follow 
Mayo w's deductions  from  the  assumption,  on  probable  grounds, 
that  there  exists  in  the  atmosphere  a  gas  which  in  the  act  of 
combining  with  other  bodies  produces  the  phaenomena  of  com- 
bustion,— when  we  observe  him  concluding  the  identity  of  his 
gas  with  one  of  the  components  of  nitre  from  the  atmospheric 
production  of  that  salt,  and  from  the  sameness  of  its  effect  in 
enabling  substances  to  burn, — when  we  further  observe  him 
determining  it  to  be  fixed  in  the  acid  component*  of  nitre,  and 
supporting  this  view  of  the  subject  by  alleging  the  sameness 
of  the  effect  of  nitric  acid  and  of  the  burning-glass,  in  adding 
to  antimony  weight  and  specific  medical  properties, — when 
we  find  him  extending  these  views  to  other  substances,  stating 
with  most  remarkable  accuracy  the  acidification,  in  various 
cases  and  degrees,  of  sulphureous  and  fermenting  substances 
by  atmospheric  exposure,  and  hence  inferring  that  this  gas  is 
the  principle  not  only  of  combustion  but  of  acidity  f, — when 

*  "  Jam  vero  cum  pars  nitri  aerea  in  spiritu  ejus  acido  existat,  non  vero 
in  sale  fixo,  quod  reliquam  nitri  partem  constituit,  uti  supra  ostendimus, 
concludere  licet  particulas  igneo-aereas  nitri,  quae  cum  parte  ejus  aerea  idem 
sunt,  in  spiritu  nitri  reconditas  esse." — De  parte  aerea  igneaque  Spiritus 
Nitri,  p.  18. 

t  After  stating  (Ibid.  p.  37)  that  the  acid  of  oil  of  vitriol  is  not  due  to 
any  acid  already  existing  in  sulphur,  of  which  he  says  there  are  no  signs, 
he  adds — "  potius  putandum  est,  particulas  ignis  nitro-aereas,  in  longa 
ilia  distillatione  vitrioli,  cum  sulphure  metallico  Colcotharis  congredi  et 
effervescere:  uncle  fit  quod  particular  sulphuris  istius  salinae,  inter  particulas 
igneas  mutuo  se  atterentes  interpositae,  contundantur  et  comminuentur,ita 
ut  eaedem  tandem  exacuantur,  et  ad  fluoris  statum  perducantur,  quae  demum 
ignis  vi  in  altum  delatae,  oleum  vitrioli  componunt,  haud  multum  secus  ac 
spiritum  sulphuris  (sulphurous  acid  gas)  per  deflagrationem  ejus  fieri  supra 
ostendimus."  "  Si  vitriol  urn  ad  totalem  spiritus  acidi  expulsionem  calcina- 
tum,  aeri  humido  aliquamdiu  exposition  fuerit,  idem  spiritu  acido  de  novo 
impraegnabitur.  Nempe  spiritus  nitro-aereus  cum  sulphure  metallico  Co/co- 
tharis  lente  congreditur,  motuque  obscuro  cum  eodem  effervescit;  unde 
fit,  quod  particulas  salinse,  aut  metallicae  sulphuris  istius,  modo  supra  dicto, 
ad  fluorem  perducantur.  Profecto  vix  concipi  queat  qua  alia  ratione  spi- 
ritus iste  vitriolicus  in  Colcothare  produceretur;  neque  enim  idem  in  Col. 
cothare  mox  e  distillatione  extitit;  neque  putandum  est  eum  totalitcr  ab 
aere  prosapiam  ducere,  ut  alibi  ostensum  est."  "  Vitriola  e  lapide  seu  po- 
tius glebe  salino-sulphurea  (vulgo  Marchasitam  vocant)  conficiuntur,  e  qua 
igni  commfesa  flores  sulphuris  vulgaris,  copia  satis  ampla,  eliciuntur:  post- 
quam  autem  gleba  ea  aeri,astrisque  pluviis,  aliquandiu  exposita  est,  et  dein, 
prout  ejus  fert  natura,  sponte  sua  fermentata  est,  eadem  vitriolo  ubertim 
impraegnabitur  :  nimirum  spiritus  nitro-aereus  cum  sulphure  metallico  viar- 
chasitarum  istarum  effervescens,  partem  earuui  fixiorem  in  liquorem  acidum 
convertit,  qui  mox  ab  ortu  suo  particulas  metallicas  lapidis  adoritur,  evo- 
catque ;  tandemque  cum  iisdem  in  vitriolum  coalescit.  Quinetiam  Itubigo 
ferri,  quae  naturalam  vitriolicam  obtinet  particularum  nitro-aerearum  cum 
sulphure  ferri  metallico  congredientium  actione  produci  videtur."    "  Ani. 
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by  an  induction  of  the  like  kind  we  find  him  showing  it  to  us 
as  the  principle  by  which  metals  gain  weight  from  the  air, 
and  vegetables  germinate  and  grow,  and  undergo  an  obscure 
fermentation  [cestum  obscurum]  in  their  life  and  their  decay*, 
— lastly,  when  we  find  him  ascribing  to  the  same  principle  the 
phaenomena  of  respiration,  and  representing  the  reduction  of 
this  gas  from  the  elastic  to  the  fixed  state  by  its  union  with 
the  blood,  in  the  lungs  and  elsewhere,  as  the  cause  of  its 
change  of  colour,  its  heat  and  its  aptness  for  stimulating  the 
heart  and  exciting  muscular  motion  f — in  contemplating  so 

madvertendum  est  insuper  quod  non  tantum  in  rebus  solidis,  sed  etiam  in 
liquoribus,  sal  acidum,  sive  achor,  spiritus  nitro-aerei  actione  producatur." 
"  Prarterea  nescio  an  non  spiritus  acidi  e  lignis  ponderosis  distillati,  simili 
ratione  per  ignis  operationem  inter  distillandnm  riant."  "  Illud  etiam  obiter 
annotamus,  quod  spiritus  acidi  e  saccharo,  et  melle,  distillati,  haud  multum 
absimili  ratione,  per  actionem  spiritus  nitro-aerei  ignei,  fieri  videantur." 
"Liquorum  autem  fermentatio  in  eo  consistit,  quod  particular  nitro-aerear 
aut  liquori  insitce,  aut  aliunde  advenientes,  cum  particulis  liquoris  salino- 
sulphureis  [basic]  efFervescunt."  "  Hue  etiam  spectat,  quod  vina,  aut 
cerevisia  generosiora,  radiis  solaribus  diu  exposita,  aut  in  loco  calido  de- 
tenta,  processu  temporis  in  acetum  commigrant."  "  Ex  iis  quae  dicta  sunt 
haud  difficile  erit  intellectu  quomodo  spiritus  acidus  nitri  in  terra  gen e- 
ratur.''  "Et  ita  demum  ostendere  conatus  sum,  quod  salia  quaecunque 
acida  a  particulis  salinis,  spiritus  nitro-aerei  ope,  ad  fluorem  sive  fusio- 
nem  evectis  producantur."  "  Quoad  difFerentiam  liquorum  acidorum, 
earn  a  diversitate  salium  e  quibus  iidem  constituuntur  procedere  putandum 
est,  uti  etiam  ex  eo,  quod  salia  fixa,  nunc  magis,  nunc  vero  minus  a  spiritu 
nitro-aereo  alterantur,  exacuenturque;  et  tamen  inter  salia  acida  quaecunque 
affinitas  magna  est  et  similitudo;  inque  iis  omnibus  particular  nitro-aerear- 
igneaeque  veluti  in  subjecto  idoneo  hospitantur."  "  Particular  terra?  salinae 
hoc  modo  ad  fluorem  evectae  hospitium  idoneum  fiunt,  in  quo  particular 
nitro-aereae  recondantur  detineanturque  :  ab  iis  autem  utrisque  strictim 
unitis  spiritum  nitri,  qualis  distillatione  elicitur  constitutum  esse  arbitror." 

*  "  In  ortu  vegetabilium  spiritus  nitro-aereus  in  motu  et  vigore  positus, 
sulphur  in  statu  fixo  existens  adoritur,  quo  tandem  ad  volatilitatem  per- 
ducto,  spiritus  nitro-aereus  in  salinis  vinculis  incarceratus  figitur."  "Nostra 
fert  opinio  etiam  fermenlationem  ad  vegetabilium  interitum  tendentem  a 
particulis  nitro-aereis  et  salino-sulphureis,  se  invicem  commoventibus,  pro- 
cedere." "  Spiritus  nitro-aereus  a  conjuge  sua  salina  violenter  abruptus 
motu  suo  impetuoso  omnia  perturbat,  mixtique  compagem  solvit."  "  Ea 
quar  spiritum  nitro-aereum  excludunt  res  a  corruptione  vindicant."  He  in- 
stances fruits,  flesh  and  butter,  as  being  preserved  from  putrefaction,  and 
iron  from  rust  by  things  which  exclude  this  gas,  especially  inflammable 
things,  such  as  oil. 

f  "  Queniadmodum  particular  nitro-aerear  terrar  spiracula'lente  sub- 
euntes,  ibidem  cum  particulis  salino-sulphureis,  iis  vero  immaturis,  arstu 
obscuro  congrediuntur,  a  quo  vegetabilium  vita  dependet — ita  particular 
eardem  nitro-aerear  magis  confertim  in  cruoris  massam  pulmonum  ministerio 
introductar,  particulisque  ejus  salino-sulphureis  ad  justum  vigorem  evectis 
quoad  minima  admixtar,  fermentationem  satis  insignem,  qualis  ad  vitam 
animalem  requisita  est,  efficiunt." — p.  147.  He  states  that  the  colour  of 
arterial  blood  has  been  shown  by  Lower,  to  be  owing  to  the  admixture  of 
air  with  it  in  the  lungs,  and  lays  it  down,  that  the  heat  of  the  body  is  due 
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just  and  splendid  a^geiii^msation,  running  parallel  to  the 
whole  range  of  chemical  induction  on  all  those  subjects  which 
occupied  the  succeeding  century,  it  is  impossible  not  to  allow 
that  this  young  man  handed  down  a  bright  light  to  all  who  fol- 
lowed him  *|  and  made  more  of  a  few  facts,  than  the  greater 
part  of  the  next  generation  did  of  many. 

Mayow  also  examined  the  two  kinds  of  air  which  Boyle 
had  obtained  by  the  action  of  the  nitric  and  vitriolic  acids  on 
iron,  and  observed  the  permanence  of  the  one  gas  and  the 
partial  condensation  of  the  other.  To  determine  whether  they 
resembled  common  air  in  containing  any  of  the  nitro-aertal 
aura,  he  added  them  to  air  in  which  a  mouse  was  confined, 
and  inferred  that  they  do  not,  from  their  not  prolonging  the 
animal's  life.  He  then  examined  their  relative  elasticity,  and 
finding  in  them  the  same  capacities  of  compression  and  ex- 
pansion as  in  common  air,  he  decided  that  there  exist  va- 
rious elastic  fluids,  and  held  with  Newton  that  these,  as  well 
as  that  aura  which  he  deemed  pre-eminently  elastic,  and  the 
residual  gas  from  which  it  is  abstracted  by  respiration,  owe 
their  different  degrees  of  elasticity  and  permanence  to  ele- 
mentary differences  in  their  particles,  and  in  the  substances 
from  which  they  are  derived  f. 

The  only  philosopher,  as  far  as  I  am  aware,  who  dissented 
from  these  views,  was  the  elder  Bernoulli,  having  detailed 
his  own  respecting  fixed  air  J,  "  Mayow,"   he  said,  "  after 

to  the  combination  of  these  nitro-aerial  particles  with  the  blood,  and  the 
increased  heat  in  exercise  to  a  greater  number  being  breathed  in  the  same 
time.  In  like  manner  he  accounts  for  febrile  heat,  for  acid  in  the  blood  and 
urine,  for  the  digestion  of  the  food,  and  for  muscular  contraction. 

*  Mayow's  work,  besides  its  publication  in  England,  was  at  least  twice 
reprinted  abroad ;  a  detailed  account  of  it  was  given  in  the  Philosophical 
Transactions.  It  was  repeatedly  quoted  by  Hales,  whose  book  was  in 
every  chemist's  hands,  and  by  other  authors :  it  was  therefore  sufficiently 
known  to  have  produced  a  real  influence  on  the  minds  of  men. 

t  De  Spir.  Nit.  cap.  9.  p.  163. — "  Utrum  aer  de  novo  generari  possit?" 
— In  his  account  of  Boyle's  gases  he  says — "Aura  praedicta  haud  minori 
vi  elastica  quam  aer  vulgaris  donatur  prout  sequenti  experimento  mihi 
compertum  est."  "imili  ratione  experimentum  feci,  num  aer  in  quo  ani- 
mal, aut  lucerna  expirassent,  aeque  ac  aer  inviolatus,  vi  elastica  pollent;  et 
quidem  mihi  videtur  aer  iste  haud  minus  quam  aer  quivis  alius  se  expan- 
dere."  '*  quanquam  aura  ista  in  qua  animal  aut  lucerna  expirarunt  vi 
elastica  aeque  ac  aer  inviolatus  pollet,  et  tamen  eadem  particulis  nitro-aereis 
vitalibusque  destituitur."  "  Hie  etiam  referre  possumus  quod  in  cap.  sup. 
4e  aura  hujusmodi  aerisque  vulgaris  differentia  annotavimus,  et  tamen 
verisimile  est  aura;  istiusmodi  cum  aere  vulgari  magnam  affinitatem  inter- 
cedes, vimque  elasticam  eorum  utrorumque  a  causa  haud  multum  diversa 
provenire.  Etenim  cum  ferrtim  e  particulis  rigidis,  item  spiritus  corrosivi  e 
particulis  nitro-aereis  summe  elasticis  constant,  aura  ex  iis  utrisque  invicem 
fervescentibus  conflata  ab  aere  vulgari  haud  multum  diversa  erit." 

%  "  Allata  experimenta  satis,  ni  fallor,  ostendunt  existentiam  aeris  in  cor- 
Phil.  Mag.  S.  3.  No.  190.  Suppl.  Vol.  28.  2  M 


506  Rev.W.V.  Harcourt  on  Lord  Brougham's  statements 

various  experiments  concluded,  that  the  substance  itself  of 
the  globule,  from  which  air  was  produced  in  them,  is  changed 
into  an  'aura,'  as  water  is  changed  into  vapour  by  heat:  but 
unlike  vapour,  this  aura  remains  aura,  and  as  he  himself 
proves  by  experiment,  retains  its  elastic  force.  Does  there 
exist  then  any  other  body  besides  air  which  is  fluid  and  en- 
dowed with  elastic  force?  I  scarcely  believe  it.  He  alleges 
indeed  as  a  reason  for  denying  to  this  aura  the  nature  of  com- 
mon air,  that  he  has  found  by  experiment  that  the  said  aura 
is  incapable  of  supporting  life:  as  if,  because  it  does  not  sup- 
port life,  therefore  it  cannot  be  air  !  we  see  our  atmospheric 
air  itself  in  time  of  pestilence  unfitted  to  support  life :  has  it 
therefore  ceased  to  be  air  ?  it  would  be  absurd  to  say  this.  It 
is  not  to  be  denied  that  in  the  space  E.  H.  [of  a  glass  tube 
filled  with  carbonic  gas]  other  particles  besides  air  find  room, 
separated  perhaps  by  the  impetuous  motion  of  the  efferves- 
cence from  the  acid  liquor,  or  the  solid  globule,  and  carried 

poribus,  sed  et  alterum  nobis  ostendendum  est,  nimirum  quod  aer  iste  sit 
aere  naturalis  consistentiae  densior.  Hoc  auteni  sequenti  experimento  de- 
monstratur.  Sumatur  vasciilum  liquore  quodam  acido  semiplenum,  ut  A. 
C.  D.  B.,  et  tubus  aliquis  vitreus  E.  F.,  altera  parte  E.  clausus,  altera  vero  F. 
apertus,  impleatur  eodem  liquore;  hujus  vero  orificio  F.  induatur  globulus 
G.,  de  lu to,  vel  creta,  in  quibus  nempe  multae  particulae  alkali  insunt,  con- 
fectus;  statimque,  indice  super  orificium  F.  posito,  invertatur  tubus,-  et  li- 
quori  in  vasculo  contento  immergatur  orificium  F. ;  amoto  digito,  mox  ob- 
servabitur  magnam  efterveseentiam  excitari,  quae  per  aliquot  horas  durabit, 
donee  omnis  aer,  intra  particulas  alkali  contentus,  solutis  vinculis  quibus 
coarctabatur,  ad  superiora  aseenderit,  et  materia  subsedei it;  turn  demum 
animadvertitur,  aerem  hunc,  postquam  despumaverit,  in  suprema  parte  de- 
presso  liquore,  magnum  spatium  E.H.  occupare:  quandoquidem  auteni  su- 
perficies H.  liquoris  in  tubo  altior  est  superficie  liquoris  in  vasculo,  erit  aer 
in  spatio  E.  H.  contentus  aliquantulum  rarior  aere  externo ;  proinde,  ut  fiat 
ejusdem  consistentiae,  opus  est  ut  aut  tubus  altius  immergatur,  ant  plus  li- 
quoris afTundatur,  donee  superficies  interna  eoincidat  cum  superficie  exte- 
nori;  quo  facto,  erit  quidem  spatium  E.  H.  priori  patilulum  contractius,  et 
aer  in  eo  contentus  naturalis  consistentiae  :  nihilo  minus  tamen  adhuc  ma- 
jus  erit,  duplo,  triplo,  quadruplo,  (pro  diversitate  materiae  terrestris  ex  qua 
globulus  conficitur,  qua  scilicet  plus  vel  minus  particularum  alkali  in  se  con- 
tinet,)  quam  quod  tota  moles  globuli  G.  occupat ;  quod  certum  indicium  est 
aerem  istum,  cum  omnis  adhuc  in  globo  continebatur,  nuilto  densiorem 
fuisse  quam  aer  externus  est:  posito  enim  globulum  constare,  ex  una  parte, 
materiae.  terrestris,  et  ex  una  parte,  pororum,  quibus  nempe  aer  condensa- 
tus  inest, — vel,  quod  eodem  recidit,  spatium  quod  materia  terrestris  occu- 
pat  esse  aequale  spatio  quod  aer  in  poris  contentus  replet, — si  nunc  spatium 
E.  H.  sit  duplum  spatii  globuli  totins,  sequitur,  aerem  in  globulo  ccntentum 
quadruplo  densiorem  esse  quam  est  aer  externus,  si  triplum  sextuplo,  si 
quadruplum  octuplo,  et  sic  porro  in  subdupla  ratione ;  si  vero  ponatur  spa- 
tium materiae  terrestris  non  esse  aequale  spatio  pororum,  sed  in  alia  ratione 
majoris  vel  minoris  inasqualitatis,  densitates  ae'ris  in  globulo  aeque  facile  ad 
calculum  revocari  possunt." — Bernoulli,  Dis&ertatio  de  Effervescentia  et  Fer- 
mentalione,  No.  1.  p.  20.  1690. 
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up  with  the  air.  Nor  can  we  wonder  that  such  an  air,  filled 
with  miasmata,  if  breathed  by  animals,  cannot  keep  them  alive, 
especially  when  it  is  obvious  that  the  spirit  of  nitre,  and  the 
globule  of  iron,  used  by  the  distinguished  author,  abound  in 
many  impure  and  poisonous  particles,  which  if  introduced  into 
the  system  in  breathing,  may  well  corrupt  the  mass  of  the 
blood  and  induce  death.  If  instead  of  the  spirit  of  nitre  he 
had  chanced  to  use  another  acid  liquor  of  a  more  benign  qua- 
lity, for  instance  the  spirit  of  vitriol,  and  instead  of  a  globule 
of  iron,  had  taken  one  of  an  earthy  kind,  as  in  my  experi- 
ment, the  animal  doubtless  would  not  have  perished,  or  at 
least  would  have  lived  longer.  So  that  we  may  collect  from 
this,  not  that  the  air,  as  air,  destroyed  the  animal,  but  only 
incidentally,  so  far  as  it  abounds  with  particles  of  a  different 
kind  and  unfit  for  the  support  of  life.  But  that  we  may  make 
certain  of  one  fact — namely  that  the  substance  of  the  globule 
itself  is  not  changed  by  the  fermentation  into  air,  but  that  air 
really  pre-existed  in  the  globule,  and  was  therefore  not  gene- 
rated anew,  the  following  experiment  may  be  tried.  Let  the 
weight  of  an  earthy  globule,  well-dried,  be  taken  with  perfect 
accuracy  before  the  effervescence :  then  after  the  effervescence, 
when  all  the  particles  of  the  globule  subside  to  the  bottom, 
let  the  whole  mass  of  the  globule,  which  now  lies  dispersed, 
be  carefully  re-collected  from  the  liquor;  and  let  it  be  well- 
dried  as  before:  lastly,  let  the  weight-also  of  the  dried  mate- 
rial be  accurately  ascertained  by  the  help  of  the  balance:  this 
done,  we  shall  find  that  the  substance  of  the  globule  has  lost 
nothing  of  its  weight,  or  at  least  scarce  a  hundredth  part, 
which  perhaps  exhaled  with  the  air  during  the  effervescence. 
But  according  to  Mayow,  it  ought  to  have  lost  by  far  the  great- 
est part  of  its  weight ;  since  it  follows  from  his  hypothesis, 
that  the  whole  body  of  air  occupying  the  upper  part  of  the 
tube  was  taken  from  the  substance  of  the  globule ;  and  so  its 
weight  should  have  been  notably  diminished,  which  neverthe- 
less is  contrary  to  experiment." 

In  this  criticism  Bernoulli  overlooked  the  chief  fact  on 
which  the  theory  of  Mayow  rested — the  constant  diminution 
of  the  volume  of  common  air,  when  breathed  or  burnt.  And 
his  attempt  at  an  experimental  refutation  of  it  may  serve  to 
convince  you  of  the  danger  which  the  greatest  men  may  incur 
when  they  venture  on  deciding  chemical  questions  without  a 
knowledge  of  chemistry.  To  give  the  utmost  credit  to  the 
alleged  result  of  his  experiment  we  must  presume  the  "  acid 
liquor"  employed  in  it  to  have  been  oil  of  vitriol:  but  any  boy 
in  a  chemist's  laboratory  could  have  told  him  that  the  vitrio- 
lated  lime  which  he  collected  at  the  end  of  the  experiment 
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was  a  different  substance  from  the  chalk  with  which  he  began 
it,  and  that  the  consequence  therefore  which  he  drew  from  the 
weight  remaining  the  same  was  a  fallacy.  The  compounds  of 
sulphur,  I  perceive,  are  a  stumbling-block  even  to  you  *  :  to 
Bernoulli's  reputation  as  an  experimental  philosopher  they 
are  more  fatal  than  he  deemed  them  to  animal  life ;  for  the 
wholesomeness  of  the  air  from  so  "  benign  "  an  acid  as  oil  of 
vitriol,  and  "  a  globule  of  the  earthy  kind,  as  in  his  own  ex- 
periment," was  an  assumption  which  the  first  trial  would  ha've 
discovered  to  be  false.  But  it  is  more  surprising  that  the 
computations,  congenial  to  his  own  studies,  which  he  pro- 
ceeded to  make,  of  the  amount  of  condensation  of  the  air,  in 
the  pores  of  the  chalk,  should  not  have  apprised  him  that  the 
globule  on  which  he  experimented  mast  have  lost  weight,  when 
so  great  a  volume  of  condensed  air  was  disengaged  from  it. 

At  a  later  period  the  younger  Bernoulli  paid  so  much  re- 
spect to  his  father's  opinion  as  to  speak  of  the  multiplicity  of 
airs  as  a  doubtful  question.  "  The  question,"  he  says,  "  has 
long  been  agitated,  whether  the  factitious  elastic  aura  brought 
out  of  bodies,  is  ordinary  air,  or  not;  which  question  I  shall 
not  decide.  If  however  the  air  of  gunpowder  be  taken  to  be 
1000  times  denser  than  natural  air,  and  10,000  more  elastic, 
then  it  follows  from  what  precedes,  that  air  compressed  by  an 
infinite  force  cannot  be  condensed  more  than  1331  times,  and 
according  to  the  same  rule  the  elasticity  of  an  air  four  times 
more  dense  than  the  natural  air  would  be  to  the  elasticity  of 
natural  air  as  4  +  ^  to  1.  But  whether  the  experiments  insti- 
tuted by  others,  which  make  the  ratio  of  these  elasticities  as 
4  to  1,  were  conducted  with  sufficient  accuracy,  and  whether 
the  heat  of  the  air,  whilst  under  pressure,  remained  the  same, 
I  know  not.  It  is  probable  however  that  the  same  aura  which 
lies  latent  in  the  pores  of  the  gunpowder  is  the  cause  of  the 
elasticity  of  elastic  bodies,  and  contractile  villous  materials ; 
for  when  bodies  are  reduced  by  any  force  to  an  unnatural  form, 
the  elastic  aura  abounding  in  the  little  vacuities  is  compressed, 
and  in  giving  the  form  of  greatest  space  to  those  vacuities 
brings  the  body  back  to  its  original  shape  and  extent." 

In  the  English  school,  however,  of  pneumatic  chemistry, 
and  in  the  chief  successor  to  the  views  and  experiments  of 
Boyle  and  Hook,  of  Mayow  and  Newton,  there  was  no  hesi- 
tation on  this  point.  You  have  quoted  the  opinion  of  Hales, 
as  representing,  instar  omnium,  the  general  notion  among  ex- 
perimental philosophers  before  the  time  of  Black,  that  air  was 
a  single  and  simple  element;  and  your  inaccuracy  on  this 
point  is  not  to  be  wondered  at;  because  Hales's  opinion  has 
*  Note  to  the  Lives  of  Cavendish,  Watt  and  Black,  vol.  ii.  p.  511. 
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been  over  and  over  again  mis-stated,  even  by  eminent  chemi- 
cal writers.  Those  however,  who  are  better  occupied  in  ma- 
king scientific  discoveries  than  in  reviewing  them,  may  be 
excused,  if  they  appear  to  be  often  less  exactly  acquainted 
with  the  opinions  of  others  than  with  their  own,  so  far  at  least 
as  we  can  fully  acquit  them  of  desiring  to  exalt  their  own 
views,  or  the  views  of  a  particular  sera,  or  a  favourite  author, 
bjfc  underrating  all  that  has  gone  before. 

The  mistake  in  this  case  has  certainly  in  great  measure 
arisen  from  the  circumstance,  that  the  inquiries  of  Hales  were 
directed  more  to  the  generic  and  physical  properties  of  gases, 
than  to  their  specific  and  chemical  distinctions.  He  calls 
"airs  generated  in  effervescences" — "true  permanent  air"; 
he  has  been  supposed  to  mean  that  they  are  true  atmospheric 
air;  his  real  meaning  was — that  they  are  true  elastic  fluids, 
and,  with  the  same  permanence  of  constitution,  possess  the 
same  elastic  force  as  common  air.  This  important  fact  had 
been  before  announced  by  Mayow,  but  was  first  ascertained 
with  precision  by  Hales.  "  That  I  might,"  he  says,  "  with 
the  greater  degree  of  certainty  be  assured  of  the  degrees  of 
compressibility  of  these  different  airs,  I  divided  the  capacities 
of  two  equal  tubes  into  quarters  of  cubic  inches,  by  pouring 
severally  those  quantities  of  water  into  the  tubes,  and  then 
cutting  notches  with  a  file  on  the  sides  of  the  tubes  at  the  seve- 
ral surfaces  of  the  water ;  by  which  means  I  could  see,  by  the 
ascent  of  the  compressed  water  in  the  tubes,  that  both  the  fac- 
titious and  common  air  were  exactly  alike  compressible  in  all 
degrees  of  compressure,  from  the  beginning  till  they  were 
loaded  with  a  weight  equal  to  that  of  three  atmospheres,  which 
was  the  furthest  I  durst  venture  for  fear  of  bursting  the  glass*." 
Having  made  this  contribution  to  our  knowledge  of  the  phy- 
sical properties  of  the  gases,  and  established  that  at  common 
pressures  and  temperatures  "  with  equal  weights  they  are  com- 
pressed exactly  in  the  same  proportion  with  common  air,"  he 
went  on  to  examine  whether  there  exists  any  difference  of  spe- 
cific gravity  between  the  air  and  them ;  but  contenting  him- 
self with  the  single  experiment  to  which  I  have  already  re- 
ferred, where  no  difference  could  be  detected  t»  he  left  to  Caven- 
dish the  grand  discovery  of  the  distinctions  of  density  in  elastic 
fluids;  and  it  may  possibly  increase  your  respect  for  that  dis- 
covery to  remark  that  his  false  conclusion  led  him  into  much 
error  in  computing  the  weight  of  aerial  substance  fixed  in  va- 
rious bodies  from  the  volume  which  they  yielded,  on  the  sup- 
position that  the  density  of  all  airs  is  the  same. 

*  Stat.  Essays,  Append,  p.  314. 
f  Analysis  of  the  Air,  Exp.  77. 


510   Rev.  W.  V.  Harcourt  on  Lord  Brougham's  statements 

Hales  however  rendered  essential  service  to  what  may  be 
more  strictly  called  the  chemical  philosophy  of  aerial  fluids. 
I  have  before  noticed  that  we  owe  to  him  the  discovery  of  a 
fact  in  gaseous  chemistry,  the  consequence  of  which  it  is  im- 
possible to  overrate — the  condensation  of  atmospheric  air  by 
nitrous  gas,  in  such  a  manner  that  the  two  gases  were  observed 
by  him  to  occupy  the.  same  space.  He  first  also  determined 
with  numerical  exactness,  and  by  very  ingenious  methods,  tJie 
volume  of  air  absorbed  in  a  variety  of  chemical  processes,  and 
stated  in  the  clearest  terms  the  chemical  nature  of  that  ab- 
sorption,— a  statement  adopted,  as  I  have  shown,  by  Caven- 
dish, and  strangely  misconstrued  by  Priestley.  "  They  were 
changed,"  he  says,  "  from  a  repelling  elastic  to  a  fixed  state 
by  the  strong  attraction  of  other  particles  which  I  call  absorb- 
ing." He  taught  the  chemists  of  the  succeeding  generation 
howT  to  procure  almost  all  the  gases  which  formed  the  sub- 
jects of  their  investigation;  and  he  taught  them  also  the  more 
important  lesson  of  conducting  those  investigations  by  measure 
and  weight.  Some  of  his  experiments  led  directly  to  the  most 
important  conclusions  at  which  they  arrived.  It  was  not  for 
nothing  that  he  observed  that  the  "  Sal  Tartar"  (very  highly 
calcined)  with  which  he  essayed  to  purify  the  air  for  respira- 
tion had  "  absorbed  one-third  of  the  fuliginous  vapours  which 
arose  from  the  burning  candle*,"  or  that  he  recorded  experi- 
ments on  phosphorus,  in  which  "  2  grains,  fired  in  a  large 
receiver,  flamed  and  filled  the  retort  with  white  fumes,  ex- 
panded into  a  space  equal  to  GO  inches,  and  absorbed  28  cubic 
inches  of  air;"  and  "when  3  grains  were  weighed  soon  after 
it  was  burnt,  it  had  lost  half  a  grain  of  its  weightf." 

It  is  true  that  he  made  no  advance  towards  analysing  the 
air:  and  further,  he  argued,  and  argued  justly,  that  "the 
sudden  and  fatal  effect  of  noxious  vapours,  which  has  hitherto 
been  supposed  to  be  wholly  owing  to  the  loss  and  waste  of  the 
vivifying  spirit  of  air,  may  not  unreasonably  be  also  attributed" 
to  other  causes,  which  he  enumerates.  "  If,"  he  says,  "  the 
continuance  of  the  burning  of  a  candle  be  wholly  owing  to  the 
vivifying  spirit,  then  supposing,  in  the  case  of  a  receiver  capa- 
cious enough  for  a  candle  to  burn  a  minute  in  it,  that  half  the 
vivifying  spirit  be  drawn  out  with  half  the  air  in  10  seconds  of 
time,  the  candle  should  not  go  out  at  the  end  of  those  10  se- 
conds, but  burn  10  seconds  more;  which  it  does  not,  there- 
fore the  burning  of  the  candle  is  not  wholly  owing  to  the  vivi- 
fying spirit,  but  to  certain  degrees  of  the  air's  elasticity," — 
a  principle  which  he  goes  on  to  illustrate  by  the  "  common 

*  Analysis  of  the  Air,  edit.  1727,  p.  272. 
f  Ibid.  p.  169. 
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observation,  that  in  very  cold  frosty  weather  fires  burn  most 
briskly*." 

But  we  are  by  no  means  to  conclude  from  hence  that  Hales 
had  any  doubt  of  the  plurality  of  elastic  fluids;  on  that  point 
he  quotes,  as  at  once  the  foundation  and  the  result  of  all  his 
inquiries,  the  opinions  expressed  by  Newton  in  the  Optics : — 
"The  illustrious  Sir  I.  Newton,"  he  begins,  "observes,  that 
true  permanent  air  arises  by  fermentation,  or  heat,  from  those 
bodies  which  chemists  call  fixed,  whose  particles  adhere  by  a 
strong  attraction,  and  are  therefore  not  separated  or  rarefied 
without  fermentation,  those  particles  receding  from  one  an- 
other with  the  greatest  repulsive  force,  and  being  most  dif- 
ficultly brought  together  which  upon  contact  are  most  strongly 
united."  "  Dense  bodies  by  fermentation  rarefy  into  several 
sorts  of  air,  and  this  air  by  fermentation,  and  sometimes  with- 
out it,  returns  into  dense  bodiesf,"  "  of  the  truth  of  which," 
Hales  adds,  "  we  have  proof  from  many  of  the  following  ex- 
periments." And  as  he  begins,  so  he  ends :  for  having  again 
repeated  the  same  quotation  from  Newton,  he  closes  his  "  ana- 
lysis of  air  "  by  drawing  this  general  inference  from  all  his 
researches — "  Since  we  find  in  fact  from  these  experiments 
that  air  arises  from  a  great  variety  of  dense  bodies  both  by  fire 
and  fermentation,  it  is  probable  they  may  have  very  different 
degrees  of  elasticity  in  proportion  to  the  different  size  and 
density  of  their  particles,  and  the  different  forces  with  which 
they  were  thrown  off  into  an  elastic  state." 

What  now,  give  me  leave  to  ask,  becomes  of  your  state- 
ment, that  "when  D'Alembert  wrote  the  article  lAir'  in  the 
Encyclopedic  in  1751,  he  gave  the  doctrine  then  universally 
received,  that  all  the  other  kinds  of  air  were  only  impure  at- 
mospheric air,  and  that  this  fluid  alone  was  permanently  elas- 
tic?" You  tell  us  elsewhere  that  D'Alembert  disregarded 
inductive  philosophy,  and  professed  himself  ignorant  of  che- 
mistry :  and  thus  I  should  have  accounted  for  his  ignorance 
on  this  point,  if  I  had  not  found  on  consulting  the  volume 
which  you  quote,  that  he  really  expressed  no  such  opinion 
respecting  air,  and  moreover  has  stated  fully  the  views  enter- 
tained of  it  by  those,  who  in  his  own  words,  "supposent  qu'il 
peut  etre  produit  et  engendre,  et  que  ce  n'est  autre  chose  que 
la  matiere  des  autres  corps,  devenue  par  les  changemens  qui 
s'y  sont  faits,  susceptibles  d'une  elasticite  permanente."  D'A- 
lembert says  indeed,  that  some  of  the  ancients  considered  the 
air  as  a  simple  element,  but  remarks  with  truth,  that  they  did 
not  attach  the  same  sense  to  that  term  as  ourselves. 

I  have  now  completed  the  sketch  which  I  promised,  of  the 
*  Analysis  of  the  Air,  edit.  1727,  p.  247.  t  Ibid.  p.  312. 
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gradual  advance  of  this  branch  of  science,  in  the  aera  begin- 
ning with  Boyle  and  ending  with  Hales,  during  which  the 
prevalent  theory  multiplied  the  number  of  gases  beyond  the  truth, 
by  supposing  them  as  numerous  as  the  substances  from  which 
they  were  obtained.  This  may  be  regarded  as  the  aera  of  the 
first  regular  school  of  inductive  science  (if  we  except  the  less 
perfectly  methodised  school  of  Galileo),  instituted  by  the  ori- 
ginal members  of  the  Royal  Society,  for  the  professed  purpose 
of  executing  the  grand  design  of  Bacon. 

We  have  been  lately  told  by  a  very  able  and  lively  writer, 
that  the  sole  use  and  effect  of  the  Novum  Organum  of  the 
great  founder  of  this  school,  was  to  bring  down  philosophers 
from  high  but  barren  aims  to  the  level  of  common  utility, — 
that  "  the  inductive  method  has  been  practised  ever  since  the 
beginning  of  the  world," — that  "  it  is  not  only  not  true  that 
Bacon  invented  it,  but  that  it  is  not  true  that  he  was  the  first 
who  correctly  analysed  that  method  and  explained  its  uses," 
— and  that  "he  greatly  overrated  its  utility;"  we  have  been 
further  told  that  the  difference  between  the  "instances"  which 
make  an  absurd  induction,  and  those  which  constitute  a  sound 
one,  "is  not  in  the  kind  of  instances,  but  in  the  number  of  in- 
stances ;  that  is  to  say,  the  difference  is  not  in  that  part  of  the 
process  for  which  Bacon  has  given  precise  rules,  but  in  a  cir- 
cumstance for  which  no  precise  rule  can  be  given:"  and  this 
notion  of  philosophical  induction  is  illustrated  by  asking, 
"  Will  ten  instances  do,  or  fifty,  or  a  hundred  ?  In  how  many 
months  would  the  first  human  beings  who  settled  on  the  shores 
of  the  ocean  have  been  justified  in  believing  that  the  moon 
had  an  influence  on  the  tides?  After  how  many  experiments 
would  Jenner  have  been  justified  in  believing  that  he  had  dis- 
covered a  safeguard  against  the  small-pox  ?  These  are  ques- 
tions," it  is  added,  "  to  which  it  would  be  most  desirable  to 
have  a  precise  answer ;  but  unhappily  they  are  questions  to 
which  no  precise  answer  can  be  returned*."  Certainly,  if  the 
force  of  induction,  and  the  inquisition  and  demonstration  of 
truth,  does  depend  on  the  "  number  of  instances,"  and  not  on 
"  the  kind"  Bacon  has  written  in  vain ;  but  you  know,  my 
Lord,  how  it  was,  that  in  the  hands  of  one  who  had  better 
studied  "  the  inductive  method,"  a  vague  and  local  idea, 
darkened  with  errors  that  destroyed  its  credibility  and  use, 
passed  through  the  mint  of  a  very  Jew  decisive  experiments 
into  the  treasury  of  accepted  truths :  that  which  this  author 
esteems  the  inductive  process  had  been  repeated  thousands  of 
times  without  fruit;  but  when  Jenner,  after  vaccinating  a 
child,  inoculated  it,  and  found  that  it  resisted  the  virus  of 
*  Life  of  Lord  Bacon,  p.  411. 
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inoculation,  the  probability  that  "  he  had  discovered  a  safe- 
guard "  rose  at  once,  by  the  force  even  of  a  single  experi- 
ment, to  an  amount  which  medical  experience  could  "  pre- 
cisely "  assign. 

Mr.  Macauley  considers  the  credulity  of  those  whom  he 
calls  "  the  dupes  of  Mesmerism,"  as  due,  not  so  much  to 
neglect  of  these  laws  of  evidence,  as  to  want  of  natural  saga- 
city;  but  the  history  of  science  by  no  means  justifies  this  view 
of  unfounded  opinions  :  the  truth  is,  that  all  sciences,  except 
the  mathematical,  had  stood  for  centuries  in  the  same  posi- 
tion in  which  such  studies  as  go  by  the  names  of  Animal  Mag- 
netism and  Craniology,  appear  to  stand  now, — the  position, 
that  is,  of  collections  of  alleged  facts  unscrutinized  and  un- 
sifted,— of  generalisations  precariously  deduced,  and  truths, 
where  they  contained  any,  mystified  and  confused. 

This  was  the  state  of  science  when  Bacon  appeared.  The 
master  science  of  evidence^  like  every  other  science,  requires 
for  its  perfection  both  rules  and  examples.  Bacon  gave  the 
rules.  It  has  been  observed  by  one  well-qualified  to  offer  an 
opinion,  that  "  he  traced  not  merely  the  outline  but  the  rami- 
jications  of  science  that  did  not  yet  exist*."  But  the  chief, 
the  all-pervading,  ever-during  benefit, — the  force  of  direction, 
which  he  gave  to  the  progress  of  knowledge,  consisted  in  this 
— that  he  did  "  first  analyse  the  inductive  method  correctly, 
that  he  first  taught  the  specific  value  of  every  part  of  its  evi- 
dence, and  that  with  such  precision,"  and  such  impressive - 
ness,  that  a  great  school  was  founded  upon  his  writings,  who 
have  handed  down  from  him  the  torch  of  science,  and  have 
proceeded  during  the  last  two  hundred  years  to  practise,  and 
mature,  his  rules. 

Yet  we  shall  do  no  more  than  describe  a  real  change  in  the 
history  of  inductive  science,  if  we  shall  proceed  to  speak  of  the 
experimental  school  of  the  aera  which  commences  with  Black 
and  Cavendish,  as  the  school  of  Newton :  for  the  severe  reason 
of  the  mathematician,  grafted  on  that  inductive  principle  of 
simplifying,  and  hedging  in,  ideas  more  complex  than  space 
and  number,  till  they  are  divided  and  narrowed  to  the  point 
of  demonstration,  shone  forth  in  Newton's  immortal  works, 
and  especially  in  his  Optics,  with  a  light  as  much  more  power- 
ful than  even  the  luminous  lessons  of  Bacon,  as  example  is 
more  powerful  than  precept. 

In  this  I  believe  you  will  agree  with  me,  that  if  in  our  seats 
of  learning  the  attentive  study  of  such  examples  of  reasoning 
had  been  made  one  of  the  essential  requisites  of  an  accom- 
plished and  sound  education,  we  should  not  have  seen  so 
*  Playfair's  Dissertation,  Encycl.  Brit.,  p.  55: 
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many  educated  persons,  ignorant  of  the  laws  of  evidence  and 
unconscious  of  their  own  deficiency,  become  as  easy  victims  as 
the  most  ignorant,  to  wild  paradox  and  blind  credulity. 

What  the  Optics  were  for  experimental  philosophy  in  gene- 
ral, that  little  unpretending  duodecimo  volume,  of  scarce  a 
hundred  pages,  which  Black  published  in  1755,  on  the  pro- 
perties of  Magnesia,  was  to  chemistry.  It  was,  as  you  say, 
the  second  instance  of  a  most  beautiful  example  of  inductive 
research;  and  the  method  of  reasoning  pursued  in  it  deserves 
to  be  more  particularly  described,  as  constituting  indeed  the 
highest  of  all  its  merits.  Not  one  word  is  there  here  of  the 
sulphureous  principle  of  the  old  chemists,  or  the  correspond- 
ing phlogistic  of  the  new  :  but  there  is,  observe,  one  general 
established  principle,  reigning  in  the  experimenter's  thoughts, 
governing  his  hand,  interpreting  every  phenomenon  as  it  pre- 
sents  itself,  dictating  every  successive  experiment,  and  bring- 
ing forth  each  consequent  discovery  in  that  brief  and  trans- 
parent investigation. 

The  principle  by  which  it  was  thus  illuminated,  was  the 
principle  of  elective  affinities, — a  principle,  first  stated  as  we 
have  seen,  and  generalised  by  Newton,  experimentally  noticed 
by  Mayow,  with  others  of  the  early  chemists,  and  then  re- 
cently systematised  and  tabulated  by  the  French  chemist 
Geoffroi.  And  here  if  we  adopt  such  expressions  as  yours, 
in  calling  this  "an  example  of  strict  inductive  investigation" 
let  us  understand  clearly  what  we  mean  ;  let  us  not  forget  that 
the  process  of  what  is  called  the  inductive  method,  in  its  most 
usual  applications  to  such  a  science  as  chemistry,  does  not 
differ  from  that  which  is  called  deductive  in  mechanics,  other- 
wise than  in  the  degree  of  our  reliance  on  the  generality  of 
the  laws  to  which  it  is  applied :  in  mechanics  we  now  assume 
the  laws  which  we  have  observed,  to  be  applicable  to  all  matter 
whatever;  in  chemistry,  when  the  nature  of  the  subject  is  widely 
different  from  those  on  which  we  have  experimented,  we  dare 
not  trust  the  certainty  of  our  generalisations :  the  firmest  be- 
liever in  ajtherial  matter  would  hesitate  to  presume  on  New- 
ton's hypothesis  of  its  possessing  chemical  affinities,  as  a  cer- 
tain truth  ;  and  gas  was  to  Black  what  ccther  is  to  us.  His 
reasonings  respecting  fixed  air  were  in  fact  all  deductions  from 
the  presumed  principle  of  elective  attractions;  but  as  far  as 
regards  the  chief  point  of  his  discovery  —  the  silent  trans- 
ference which  he  remarked  of  the  gaseous  substance  that,  as 
Hales  had  taught  him,  was  fixed  in  salt  of  tartar,  to  calcined 
magnesia,  and  again  from  magnesia  alba  to  caustic  lime, — the 
principle  which  suggested  the  remark  and  the  experiments, 
was  itself  confirmed  and  established,  in  its  extension  to  gase- 
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ous  substances,  by  the  result  of  those  experiments.  In  every 
such  course  of  research,  whatever  offers  itself  fortuitously  is 
observed  by  an  eye  which  is  on  the  watch  for  the  appearance 
of  the  laws,  known  or  assumed,  that  fill  its  meditations;  and 
the  whole  design  with  which  each  experiment  is  instituted,  is 
to  test  the  applicability  of  those  laws,  and  to  try  the  validity, 
or  the  accuracy,  of  principles  which  have  more  or  less  the 
character  of  foregone  conclusions. 

This  is  experimental  philosophy  :  this  is  the  science  of  ob- 
serving, interrogating,  and  interpreting,  nature — apart  from 
that  faculty  of  catchingyar  analogies  on  the  wings  of  a  lively 
and  just  imagination,  which  constitutes  perhaps  the  highest 
part  of  the  genius  of  a  philosopher,  though  we  should  be  much 
in  error,  if  we  regarded  even  this  high  gift  of  Heaven  as  inca- 
pable of  being  improved  by  rule,  example,  and  use. 

Thus  it  was  that  Black,  under  the  guidance  of  the  light 
which  a  clear  conception  of  the  laws  of  affinity  shed  over  his 
mind,  proved  by  a  short  series  of  experiments  so  devised  as  to 
eliminate,  one  by  one,  all  alternative  suppositions,  the  follow- 
ing points : — 1.  That  magnesia  is  a  distinct  substance,  having 
its  own  laws  of  combination  to  distinguish  it  from  other  earths 
— 2.  that  that  substance,  which  is  sometimes  found  in  air,  and 
sometimes  fixed  both  in  this  and  other  absorbent  earths  and 
alkalies,  is  subject  to  the  laws  of  chemical  composition,  decom- 
position, and  transfer — 3.  that  common  air  does  not  enter  into 
the  same  combinations  as  fixed  air; — and  lastly,  he  inferred  from 
the  general  analogy  of  the  effects  of  chemical  attraction,  that 
unsaturated  affinity  is  the  form,  as  Bacon  would  have  termed 
it,  of  causticity.  This  brief,  simple,  and  choice  specimen  of 
synthetico-analytical  research,  to  that  time  unexampled  in 
chemistry,  he  completed  and  crowned,  by  denoting  the  law  of 
double  decomposition  as  dependent  on  "  the  sum  of  the  forces," 
and  fixing  the  place,  not  of  magnesia  only,  which  was  as  much 
as  he  at  first  contemplated,  but  of  fixed  air,  side  by  side  with 
the  acids,  in  its  own  place  in  the  table  of  relative  affinities*. 

*  Essays  and  Obs.  Phys.  and  Lit.,  vol.  ii.  pp.  221-24.  The  following  de- 
scription, by  the  French  chemist  De  Lasone,  in  1753,  of  the  manner  in  which 
an  aerial  spirit  is  combined  with  lime  and  iron  in  the  waters  of  Vichy,  is 
worthy  of  notice,  as  a  curious  anticipation  of  truth  since  more  exactly  de- 
veloped : — 

"  Toutes  ces  experiences  prouvent  evidemment  que  ces  eaux  sont  alka- 
lines,  par  un  principe  salin  et  par  une  terre  absorbante ;  qu'elles  contien- 
nent  une  maticre  ferrugineusej  qu'elles  contiennent  un  principe  spiritueux, 
compose  non  seulement  d'mi  air  sur-abondant,  comme  il  s'en  trouve  dans 
quelques  eaux,  mais  encore  d'une  portion  de  cette  terre  subtile  dont  nous 
venons  de  parler,  jointe  au  principe  huileux  du  bitume,  et  volatilisee  par 
cet  air,  qui  vrai-semblablement  est  le  principal  agent  qui  tient  cette  terre  sus- 
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Black  had  certainly  very  little  ambition,  and  apparently 
little  of  the  activity  of  an  ardent  curiosity :  for  here  he  rested, 
after  drawing  from  the  facts  before  him  some  pregnant  infer- 
ences, as  to  the  production,  for  instance,  of  this  fixed  air  from 
charcoal,  and  its  diffusion  through  the  atmosphere  *.  He  did 
not  even  measure,  or  collect,  the  air  extricated  in  his  experi- 
ments, still  less  did  he  try  its  density ;  he  did  not  extend  his 
inquiries  at  all  into  its  elastic  condition:  and  the  consequence 
was  that  on  that  point  which  you  take  for  the  stress  of  his  dis- 
covery, he  rather  retrograded  from  the  inferences  of  his  pre- 
decessors than  advanced  beyond  them  :  for  he  went  no  further 
in  his  conclusions  than  this — "  Quick-lime  therefore  does  not 
attract  air  when  in  its  most  ordinary  form,  but  is  capable  of 
being  joined  to  one  particular  species  only,  which  is  dispersed 
through  the  atmosphere,  either  in  the  shape  of  an  exceedingly 
subtile  powder,  or  more  probably  in  that  of  an  elastic  fluid  f.M 
He  did  more,  it  is  true,  than  discover  the  chemical  affinity  of 
one  substance  only  which  floats  in  the  air,  or  is  fixed  in  many 
earths  and  alkalies;  forthat  discovery,  as  it  limited  thenumber  of 
such  substances,  so  it  extended  to  the  rest  the  probability  of  a 
like  chemical  constitution :  but  whether  these  substances  are  or 
are  not  elastic,  Black,  like  Daniel  Bernoulli,  declined  to  decide. 
The  demonstration  of  this  fact — that  there  exists  more  than  one 
species  of  elastic  fluid  permanent  at  a  common  temperature 
and  pressure  when  not  acted  upon  by  a  condensing  attraction 
— was  reserved  for  Cavendish;  being  the  consequence  of  that 
determination  of  its  specific  gravity  of  which  you  speak  so 
slightingly. — And  here  again,  you  see  that  in  your  haste  you 
have  denied  this  great  philosopher  his  due. 

And  now  that  we  have  not  only  walked  together  over  a  part 

pendue,  puisque  lorsqu'on  l'en  chasse  brusquement  en  secouant  1'eau  mi- 
nerale,  la  terre  se  depose  aussi  promptement,  et  qu'au  contraire  elle  ne  se 
depose  que  tres-lentement  lorsque  l'eau  est  bouche  et  que  l'air  ne  s'eva- 
pore  que  lentement ;  que  ce  meme  principe  contient  aussi  une  portion  de 
la  terre  ferrugincuse  qui  exisle  dans  ces  eaux,  puisque  lorsqu'elles  sont  de- 
pouillees  de  lew  air  et  qu'elles  ont  forme  leur  depot,  on  ne  remarque  plus 
aucun  indice  de  matiere  ferrugineuse ;  qu'on  doit  encore  a  ce  meme  air 
mele  avec  la  terre  et  le  bitume,  et  qu'on  peut  en  cet  etat  regarder,  suivant 
la  pensee  de  Lister,  comme  une  espece  d'esprit,  la  saveur  acidule  qu'ont 
ces  eaux  a  leur  source  et  qu'elles  perdent  avec  leur  air  sur-abondant;  enfin 
que  ce  meme  principe  aerien  est  la  cause  d'une  partie  de  l'effervescence 
qui  ces  eaux  font  avec  tous  les  acides." — Hist,  de  l'  Academie,  1753,  p.  174. 

*  Black  also  ascertained  that  the  peculiar  matter  of  fixed  air  combines 
with  other  bodies  in  more  proportions  than  onej  and  Cavendish,  subse- 
quently, that  that  gas  combines  in  proportions  of  which  one  was  about 
double  the  other, — a  fact  which  proved  of  great  importance  to  chemical 
theory. 

f  Essays,  Phys.  and  Lit.,  vol.  ii.  p.  198, 1765  j  Experiments  on  Magnesia, 
&c,  1777. 
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of  the  demesne  of  experimental  philosophy  with  more  delibe- 
ration than  your  leisure  seems  usually  to  allow  you,  but  even 
ventured  on  searching  some  of  the  inner  chambers  of  the  art 
of  experiment,  I  must  appeal  to  you,  not  in  the  style  of  arch 
solemnity  with  which  your  "  illustrious  colleague  "  addressed 
you  in  the  chamber  of  the  Institute,  as  having  weighed  the 
evidence  in  the  case  of  Watt  versus  Cavendish — "  Avec  le 
scrupule  en  quelque  sorte  judiciaire  qu'on  pouvoit  attendre  de 
l'ancien  Lord  Chancellor  dela  Grande  Bretagne*," — but  I  ap- 
peal to  you,  as  ever  you  have  learnt  the  laws  of  evidence  from 
the  only  Chancellor  of  England  who  is  of  authority  in  philo- 
sophical questions,  as  ever  you  have  listened  to,  and  compre- 
hended, that  pupil  of  Bacon  and  Newton,  the  beauty  of  whose 
lectures  you  have  so  vividly  described, — to  take  some  shame 
to  yourself,  for  having  perused,  by  your  own  confession,  the 
notes  of  Cavendish,  without  perceiving  that  all  which  I  have 
said  of  the  experiments  of  Black,  as  being  so  connected  as 
clearly  to  manifest  the  whole  train  of  the  experimenter's 
thoughts,  is  still  more  clearly  true  of  these. 

You  know  what  the  problem  was,  on  the  investigation  of 
which  Cavendish  was  intent  when  he  made  the  discovery  in 
question.  You  know  his  aim  to  have  been  to  find  out  what 
was  become  of  "  the  air  lost "  in  the  combustion  of  hydrogen 
with  common  air.  And  what  were  the  preliminary  trials  by 
which  he  searched  for  the  lost  gases  ?  He  tried — 1.  whether 
they  were  "changed"  into  carbonic  acid ; — 2.  whether  they  were 
"  changed"  into  nitric  acid; — 3.  whether  they  were  changed 

*  Annuaire,  1839,  Note,  p.  361.  Lord  Brougham,  out  of  court,  deals  I 
fear  as  hastily  with  literature  as  with  science ;  and  there  also  sometimes 
makes  the  facts  on  which  he  reasons.  Thus  he  criticises  as  "unintelligible" 
the  condensed  sense  of  that  well-known  line,  in  which  Johnson,  in  his  imi- 
tation of  the  Tenth  Satire  of  Juvenal,  speaks  of '" patience"  as  "  sovereign 
o'er  transmuted  ill:"  but  he  first  makes  it  unintelligible,  by  substituting 
from  his  own  poetical  mint — "  nature,"  where  Johnson  had  written  "pa- 
tience." (Life  of  Johuson,  p.  76.)  Again,  he  animadverts  severely  on  John- 
son for  "  roaring  out,  'No,  Sir  ! '  in  the  presence  of  Hume,  on  being  asked 
by  a  common  friend  to  let  him  present  the  Historian  to  the  Moralist" 
(Life  of  Hume,  p.  223) ;  and  he  adds,  "above  all  we  have  a  right  to  com- 
plain that  the  associate  of  Savage,  the  companion  of  his  debauches,  should 
have  presumed  to  insult  men  of  such  pure  minds  as  David  Hume  and  Adam 
Smith,  rudely  refusing  to  bear  them  company,  but  for  an  instant."  (Life  of 
Johnson,  p.  22.)  It  is  curious  to  compare  this  with  Johnson's  own  account : 
*'  I  was  but  once  in  Hume's  company;  and  then  his  only  attempt  at  merri- 
ment consisted  in  his  display  of  a  drawing  too  indecently  gross  to  have  de- 
lighted even  in  a  brothel."  (Hawkins.)  The  real  man  from  whom  Johnson 
turned  on  his  heel,  was  one  who  added  to  the  moral  purity  of  the  school 
of  Voltaire  the  garb  of  an  ecclesiastic, — a  circumstance  which  perhaps  may 
abate  something  of  Lord  Brougham's  indignation  at  the  ill-manners  of 
Johnson. 
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into  sulphuric  acid :  he  negatived  by  conclusive  experiments 
these  three  suppositions  of  condensation :  at  this  crisis  of  his 
inquiry  Warltire  burnt  inflammable  gas  and  common  air  in  a 
vessel  which  he  imagined  to  be  close,  and  finding  a  very  sen- 
sible loss  of  weight,  concluded,  with  Scheele,  that  ponderable 
matter  had  passed  through  the  vessel's  pores  in  the  form  of 
heat :  at  the  same  time  he  repeated  an  observation,  made  also 
by  others,  that  in  the  combustion  water  was  deposited  from 
the  air,  in  which  he  supposed  it  to  have  been  contained',  to 
the  mind  of  Cavendish,  deeply  meditating  what  might  be  the 
form  of  matter  into  which  the  lost  airs  could  have  been  con- 
densed^ this  inaccurate  experiment  immediately  suggested  the 
light  for  which  he  was  watching.  Such  is  his  own  descrip- 
tion of  the  manner  of  the  discovery;  and  the  course  of  expe- 
riments recorded  in  his  note-book  leave  no  shadow  of  a  doubt 
that  he  has  described  it  with  truth. 

In  the  progress  of  these  experiments,  that  is  to  say,  in  his 
fourth  experiment  of  exploding  the  gases,  in  an  apparatus  like 
Warltire's  but  really  close,  on  the  5th  day  of  July  1781, 
Cavendish  arrived  at  the  exact  volume  of  hydrogen  which  de- 
stroyed in  combustion  the  whole  of  its  own  elasticity,  with  the 
whole  elasticity  of  the  exact  volume  of  oxygen  found  to  exist 
in  the  common  air  with  which  he  exploded  it:  in  the  same 
experiment  he  ascertained  that  the  vessel,  which  was  of  such 
capacity  as  to  hold  24,000  grains  of  water,  had  lost  scarcely 
one-fifth  of  a  grain  in  weight :  he  then  varied  his  apparatus 
in  such  a  manner  as  to  collect  a  sufficient  quantity  of  the 
liquid  formed  in  these  experiments,  for  chemical  examination, 
and  before  the  end  of  the  month  demonstrated  it  to  be  pure 
water. 

And  now  point  out  to  me,  if  you  can,  in  the  whole  range 
of  experimental  science  three  facts  the  ascertainment  of  which 
was  more  obviously  and  indubitably  conclusive  of  the  point 
in  question  ?  Is  there  any  alternative  left  for  scepticism  ? 
The  total  weight  undiminished — three  volumes  of  elastic 
matter  gone — in  its  place  pure  water — could  any  man  draw 
any  conclusion  from  such  experiments  but  one?  could  any- 
thing but  one  foregone  conclusion  have  led  a  man  to  institute 
such  a  course  of  experiment?  Does  the  man  who  has  instituted, 
and  made,  such  experiments,  want  any  one  to  come  to  him 
two  years  afterwards  with  an  idle  doctrine,  or  hypothesis,  as 
you  call  it,  about  the  connection  of  water  with  some  undefined 
kind  of  phlogiston,  by  way  of  explaining  to  him  his  own  in- 
vestigation ?  What  is  the  use  of  a  doctrine,  or  a  hypothesis 
after  an  inductive  demonstration,  even  if  the  hypothesis  had 
had  any  real  substance  or  distinctness  of  meaning  ?  Are  we  to 


relative  to  Black,  Watt,  and  Cavendish.  519 

deny  the  author  of  the  demonstration  the  credit  of  understand- 
ing it,  for  no  better  reason  than  that  in  the  private  notes  of  his 
chain  of  proofs  we  find  no  shout  of  evprj/ca ? 

1  omit  here  all  the  multiplied  precautions  to  ensure  the 
most  perfect  accuracy  in  regard  to  every  elementary  material 
of  these  experiments — I  omit  the  singular  caution  and  saga- 
city which,  on  the  unexpected  intrusion  of  a  minute  quantity 
of  nitric  acid  in  one  of  his  varied  trials,  induced  Cavendish  to 
wait  till  he  had  obtained  evidence  that  this  was  the  product  of 
the  other  ingredient  in  atmospheric  air,  before  he  would  publish 
his  experiments :  I  put  the  question  in  a  shape  so  simple  that  a 
child  may  understand  it;  and  I  ask  you  once  more, — ought  you 
not,  with  all  this,  clearly  stated,  before  you,  to  feel  some  com- 
punction for  having  admitted  a  suspicion  of  the  good  faith  of 
Cavendish,  or  made  a  question  of  his  having  been  the  sole 
discoverer  ? 

Again,—  I  have  shown  you,  that  though  these  experiments 
were  communicated  to  Priestley  as  soon  as  they  were  made, 
and  by  Priestley  mentioned  to  the  public  in  express  terms  as 
— "  Mr.  Cavendish's  experiment  on  the  re-conversion  of  air  into 
water"  Priestley  understood  them  no  better  than  the  commu- 
nication which  I  have  before  mentioned  of  the  discovery  of 
nitrogen,  and  subsequently,  with  the  aid  of  Watt's  opinion, 
concluded  that  "  water  by  exposing  it  to  heat  in  porous  earthen 
vessels  is  capable  of  being  converted  into  respirable  air  by  the 
influence  of  heat: "  I  have  shown  you  out  of  that  very  letter  of 
Watt,  communicated  to  the  Royal  Society,  on  which  the  only 
real  question  rests — whether  he  understood  the  consequences 
of  Cavendish's  experiments  nearly  two  years  after  they  were 
finished — that  Watt's  doctrine  about  water  and  phlogiston 
was  built  on  this  false  supposition,  and  that  he  adhered  to  it 
after  Priestley  had  communicated  to  him  that  experiment 
which  was  designed  to  be  a  repetition  of  Cavendish's*:  I  have 
shown  you  that  in  Priestley's  repetition  the  inflammable  gas 
which  he  used  cannot  have  contained  more  than  one-fifteenth 
of  its  weight  of  hydrogen,  and  if  it  had  proved  anything, 
would  have  proved  that  water  consists  chiefly  of  carbon^'. 
lastly,  I  have  shown  you  that  both  Priestley  and  Watt  were 
entirely  ignorant  of  the  distinction  between  hydrogen  and  the 
inflammable  gases  on  which  they  experimented  and  reasoned; 
and  until  at  a  later  time  they  were  taught  that  distinction  by 
Cavendish,  and  thus  learnt  what  the  real  basis  of  water  is — 
were  obviously  as  incompetent  to  understand,  as  to  discover  its 
composition^. 

*  Report  of  the  British  Association,  Postscript  to  Address,  p.  24. 
f  Ibid.  p.  27.  1  Ibid.  p.  25. 
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With  these  things  before  the  world,  you  even  now  ven- 
ture to  reiterate,  as  your  final  conclusion,  this  most  unjusti- 
fiable judgement — "  It  is  undeniable  that  from  less  elaborate 
experiments  Mr.  Watt  had  before  Cavendish  drawn  the  infer- 
ence then  so  startling,  that  it  required  all  the  boldness  of  the 
philosophic  character  to  venture  upon  it, — the  inference  that 
water  was  not  a  simple  element,  but  a  combination  of  oxygen 
with  inflammable  air  thence  called  hydrogen  gas.  That  Mr. 
Watt  first  generalised  the  facts  so  as  to  arrive  at  this  great 
truth,  I  think  has  been  proved  as  clearly  as  any  position  in 
the  history  of  physical  science.  It  is  equally  certain  from  the 
examination  of  Mr.  Cavendish's  papers,  and  from  the  publica- 
tion lately  made  of  his  journals,  first,  that  he  never  so  clearly 
as  Mr.  Watt  drew  the  inference  from  his  experiments ;  and 
secondly,  that  though  those  experiments  were  made  before 
Mr.  Watt's  inferences,  yet  Mr.  Cavendish's  conclusion  was 
not  drawn  privately  even  by  himself  till  after  Mr.  Watt's  in- 
ference had  been  made  known  to  many  others." — !  !  ! 

What  friend  of  yours,  my  dear  Lord,  but  must  regret  to  see 
a  great  man  trifling  with  his  own  reputation  by  interfering  in 
subjects  of  which  he  thus  betrays  but  too  supei'ficial  a  know- 
ledge? I  sincerely  lament,  for  my  own  part,  that  having  once 
been  honoured  by  your  regard,  and  having  always  respected 
your  talents,  it  should  have  fallen  to  me  to  presume  in  this 
manner  to  rectify  your  misapprehensions.  I  declined  to  enter 
into  controversy  with  you,  partly  for  old  acquaintance  sake,  and 
partly  because  I  thought  you  on  this  question  less  responsible 
than  the  official  writer  of  the  Institute  of  France.  But  you 
would  do  battle  with  me;  and  your  weapons  were  none  of  the 
fairest :  for  instead  of  replying  to  my  arguments,  you  did  me 
the  injustice,  without  provocation,  to  compare  the  abilities  of 
the  obscurest  lover  of  science  in  England  with  one  of  the  most 
eminent  of  its  cultivators  in  France.  I  know  not  that  I  shall 
even  now  have  convinced  you  that  the  meanest  of  our  philoso- 
phical chemists,  in  his  own  art,  and  in  a  just  cause,  may  be  more 
than  a  match  for  the  most  learned  judge  of 'Patents,  or  even  for 
the  ablest  member  of  the  "Institut"  whose  studies  have  lain  in 
another  direction.  A  judge  in  a  patent  cause  may  see  his  way 
well  enough,  no  doubt,  through  intricate  scientific  questions, 
if  he  is  but  prudent  in  his  selection  of  authorities :  but  I  do 
not  perceive  that  in  this  case  you  have  abided  by  any  autho- 
rity better  than  your  oian  in  1803  *.  You  are  even  bold  enough, 
on  the  strength  of  such  authority,  to  differ  from  a  deceased 
Secretary  of  the  "Institut"  itself,  than  whom  few  men  were  bet- 

*  "  I  first  stated  that  opinion  in  a  published  form  in  1803-04,"  Edinburgh 
Review,  vol.  iii.   Lite  of  Lavoisier,  p.  253. 
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ter  acquainted  with  sciences  not  peculiarly  his  own :  but 
though  the  subject  is  chemistry,  though  you  have  attended 
Black's  lectures,  and  though  Black's  own  discoveries  are  in 
question,  I  greatly  fear  that  on  almost  every  point  in  which 
you  differ  from  Cuvier  you  are  yourself  in  the  wrong. 

Thus,  you  are  certainly  wrong  in  denying  Cuvier's  asser- 
tion— that  permanently  elastic  fluids  were  measured  by  Hales; 
and  you  have  only  to  consult  the  *  Analysis  of  the  Air,'  to  be 
convinced  of  your  mistake. 

Again,  you  are  wrong  in  denying  Cuvier's  assertion,  that 
"  no  one  before  Cavendish  had  distinguished  fixed  air  as  a 
separate  aeriform  substance:"  and  you  need  only  look  at 
Black's  treatise  to  assure  yourself  that  he  declined  to  decide, 
for  want  of  evidence,  whether  it  was  an  aeriform  substance, 
or  not;  and  left  it  among  the  class  of — "bodies  of  which  it  is 
difficult  to  say,  whether  they  are  really  combined  with  the 
aerial  particles,  or  are  merely  suspended  in  the  fluid,  in  con- 
sequence of  their  being  of  the  same  specific  gravity*." 

But  above  all,  you  are  most  wrong  in  reprehending  the  for- 
mer Secretary  of  the  Institute,  for  "  making  no  mention  what- 
ever of  Watt  in  connection  with  the  discovery  of  the  composition 
of  water  " — for  not  confounding,  that  is,  the  rights  of  disco- 
very— for  not  falsifying  the  history  of  chemistry  in  one  of  its 
most  material  parts — for  not  representing  Watt  as  the  claim- 
ant of  a  merit  to  which  he  had  not  the  smallest  pretensions — 
and  thus  degrading,  with  intent  to  exalt,  the  venerable  name 
of  one  who  has  entitled  himself  to  the  admiring  gratitude  of 
ages,  by  realising,  beyond  any  other  man,  the  vision  which 
Bacon  saw — of  experimental  works  of  fruit. 

You  have  no  sufficient  ground,  I  think,  for  imputing  to — 
"  a  person  of  M.  Cuvier's  eminent  attainments,  filling  the  high 
office  of  *  Secretaire  perpetuelf  and  charged  with  the  delicate 
and  important  duty  of  recording  the  history  of  science  yearly" 
— that  "he  has  not  read  Mr.  Cavendish's  paper f»  or  Dr. 

*  Cavallo  on  Air,  p.  361.  1781.  Hawksbee  approached  the  nearest  to 
the  discovery  of  the  different  density  of  gases,  as  early  as  1707; — "whether," 
said  he,  "the  space  deserted  by  the  water  [after  an  explosion  of  gunpowder 
in  a  close  vessel]  is  possessed  by  a  body  of  the  same  weight  and  density,  or  is 
of  the  same  quality,  as  common  air,  I  dare  not  determine;  since  an  experi- 
ment I  have  lately  made  seems  to  conclude  it  otherwise."  He  observed  like- 
wise "  a  loss,  or  absorption  of  this  air,  after  it  had  reached  its  former  tem- 
perature;" and  suggested  that  a  temporary  distension  of  the  springs  or 
constituent  parts,  of  the  ambient  air,  as  well  as  of  those  contained  in  the 
body  of  the  gunpowder,  may  account  for  "  this  odd  phcenomenon." — Phil. 
Trans,  vol.  xxv.  p.  2409. 

t  One  of  Lord  Brougham's  reasons  for  thinking  that  Cuvier  had  never 
read  Cavendish's  paper  is,  that  he  says, — "  Cavendish  unfolded  his  disco- 
veries in  a  manner  even  more  striking  than  the  discoveries  themselves''— 

Phil.  Mag.  S.  3.  No.  190.  Suppl.  Vol.  28.  2  N 
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Black's  treatise."  And  certainly  you  have  no  ground  to  "la- 
ment," with  respect  to  him,  "  that  the  history  of  science  should 
be  written  with  such  remarkable  carelessness  and  such  manifest 
inattention  to  the  facts" — however  true  it  may  be,  were  the 
censure  justly  pointed — "that  to  find  mistakes  so  very  gross 
in  the  works  of  ordinary  writers  might  excite  little  surprise; 
but  when  they  are  embodied  in  the  history  of  the  National 
Institute,  and  when  they  come  to  us  under  the  name,  among 
the  very  first  in  all  sciences,  of  Cuvier,  we  may  at  once  won- 
der and  mourn*." 

I  only  trust  that  the  stone  which  you  have  so  rashly  cast 
at  Cuvier  will  not  recoil  on  any  other  head.  I  still  trust  sin- 
cerely that  so  severe  a  reproof  will  not  permanently  rest  on 
the  present  "  Perpetual  Secretary"  of  the  Institute  of  France ; 
and  that  conformably  to  the  known  manliness  of  his  character, 
and  clearness  of  his  understanding,  M.  Arago  will  yet  rectify? 
as  he  knows  how,  the  inadvertence  into  which  he  has  fallen. 

It  now  only  remains  for  me  to  remark  on  your  last  words 
in  reply  to  one  who  has  supported  with  far  greater  ability  than 
myself  the  same  opinions  which  I  have  expressed. 

I  have  known  you,  my  dear  Lord,  more  strenuously  and 
skilfully  employed  than  in  deciding  these  questions  for  che- 
mists; and  think  I  remember  it  to  have  been  one  of  the  aits 
of  a  dexterous  advocate,  with  which  you  were  then  familiar, 
to  speak  somewhat  largely  in  an  opening  speech,  of  evidence 
which  yet  it  might  not  be  discreet  to  bring  into  court:  and 
so  I  suppose  it  is  now ;  for  in  animadverting  upon  the  igno- 
rance of  this  enemy  in  ambush,  whom  however  you  seem  to 
suspect  of  being  no  ordinary  man,  I  perceive  you  affirm,  that 
you  "have  lying  before  you  fifteen  pages  of  statements  of  che- 
mical errors  in  the  thirty-four  pages  of  his  paper,  and  as  these 
corrections  are  the  work  of  a  most  experienced,  learned  and 
practical  chemist  whom  you  consulted,  you  have  entire  reliance 
on  his  report  and  opinion."  It  was  some  disappointment  to 
me,  at  first,  to  find  that  you  kept  \kiz  fifteen  pages  in  your 
pocket;  but  I  remembered,  how  it  happened  not  unfrequently 
of  old,  that  in  the  torrent  of  that  forensic  eloquence  which 

an  assertion  which  will  scarcely  be  disputed  by  any  competent  judge  who 
compares  the  brief  perspicuity  of  expression,  and  the  select  sequence  of 
most  exact  experiment,  which  shines  in  every  page  of  Cavendish,  with  the 
rambling,  inconsequent  manner  of  thinking  and  writing,  general  in  his 
time,  and  I  fear  not  infrequent  in  our  own.  Lord  Brougham  also  accuses 
Cuvier  of  stating,  that  Cavendish  established  in  his  paper  of  1764  these 
propositions — "I'cait  n'est  pas  un  element;  il  existe  plusieurs  sortes  d'air 
essentiellement  differentes."  But  is  not  't'cau',  in  this  paragraph,  merely 
a  misprint  for  '  fair'  ? 
*  Brougham's  Lives,  vol.  ii.  p.  507. 
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so  often  dazzled  and  delighted  your  hearers,  something  that 
should  have  been  kept  back  would  occasionally  slip  out,  of 
which  an  astute  adversary  did  not  fail  to  make  his  advantage. 
And  even  so  it  is  still :  from  the Jlfteen  critical  pages  you  have 
allowed  one  criticism  to  creep  out,  as  too  good  to  be  sup- 
pressed. And  here  it  is : — 

*'  I  leave  him"  (the  author  of  this  heap  of  errors)  "in  the 
hands  of  M.  Arago,  who  will  observe  with  some  wonder  that 
he  has  been  accused,  and  judged,  and  condemned,  by  a  che- 
mist so  well-versed  in  that  science,  and  so  reflecting,  as  to 
announce  the  astonishing  novelty — that  the  exhibition  of  sul- 
phur to  sulphuric  acid  reduces  that  acid,  and  restores  it  to  its 
primitive  state  of  sulphur !  The  writer  had  probably  read 
somewhere  that  sulphuric  acid  is  reduced  to  sulphurous  by  the 
process ;  for  he  is  assuredly  the  first  that  had  ever  hit  upon 
the  acid's  reduction  by  sulphur  to  'its  primitive  state'*." 

Now  we  will  at  least  give  credit  to  the  present  perpetual 
Secretary  of  the  Institute,  to  whose  scorn  you  devote  the  un- 
happy Reviewer,  for  having  read  the  papers  of  Cavendish; 
and  he  would  no  doubt  recollect  this  remarkable  passage  in  the 
"  experiments  on  factitious  airs  "  (1 764-)  to  which  the  Reviewer 
should  seem  to  be  referring — "  Sulphur  is  allowed  by  che- 
mists to  consist  of  the  plain  vitriolic  acid  united  to  phlogiston; 
the  volatile  sulphureous  acid  appears  to  consist  of  the  same 
acid  united  to  a  less  proportion  of  phlogiston  than  what  is  re- 
quired to  form  sulphur;  a  circumstance  which  I  think  shows 
the  truth  of  this  is,  that  if  oil  of  vitriol  be  distilled  from  sul- 
phur, the  liquor  which  comes  ever  will  be  the  volatile  sul- 
phureous acid."  M.  Arago  might  perhaps  compare  these 
early  notions  of  Cavendish  with  the  Reviewer's  account  of  the 
phlogistic  opinions,  not  in  your  interpolated  words,  but  in  his 
own — (i  It  was  concluded  therefore  that  it  was  the  same  phlo- 
giston which  was  derived  from  all  those  substances  (charcoal, 
sugar,  metallic  bodies,  ike),  however  different  in  their  nature: 
a  similar  succession  of  phenomena  is  presented  by  sulphur: 
if  it  be  burnt,  it  forms  sulphuric  acid;  but  if  the  acid  thus 
formed  be  heated  with  phosphorus,  or  charcoal,  or  sugar,  or 
even  sulphur  itself,  it  is  equally  restored  to  its  primitive  state f," 
— and  having  read  this  account,  supposing  M.  Arago  for  a 
moment  to  be  only  as  experienced,  as  learned,  and  as  practical 
a  chemist,  as  he  whom  you  have  consulted  out  of  court,  and  no 
more — supposing  him,  that  is,  to  believe,  with  your  anonymous 
friend  and  yourself,  that  the  total  reduction  of  sulphuric  acid 
by  sulphur  is  a  laughable  absurdity — M.  Arago  would  yet  see, 

*  Brougham's  Lives,  vol.  ii.  p.  511. 
f  Quarterly  Review,  Dee.  1845,  p.  106. 
2  N2 
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that  there  is  nothing  laughable,  or  ignorant,  in  the  statement 
of  the  Reviewer;  though  in  strictness  of  language  it  might 
have  been  more  correct  to  say,  that — 'sulphuric  acid  heated 
with  phosphorus,  or  charcoal,  or  sugar,  is  reduced  to  its  primitive 
state,  and  even  heated  with  sulphur  is  reduced  to  its  previous 
state  of  sulphurous  acid' :  and  I  think  M.  Arago  might  won- 
der a  little  at  finding  how  much  you,  and  your  learned,  expe- 
rienced, and  practical  friend,  have  made  of  a  mere  verbal  slip. 

But  if,  as  I  am  apt  to  suspect,  the  perpetual  Secretary  is  a 
better  chemist  than  yourself,  or  knows  better,  this  time  at 
least,  on  whose  information  to  rely,  then  he  will  whisper  to 
you  privately,  that  sulphuric  acid  really  is  reduced,  astonishing 
novelty  as  it  seems  to  you,  even  by  sulphur  itself:  and  he  will 
doubtless  proceed  to  explain  to  you  how  this  marvel  comes 
to  pass :  he  will  remind  you,  that  the  great  chemist  of  our 
time  whose  life  you  have  written,  when  attempting  to  decom- 
pose sulphur,  found  it  so  closely  united  with  a  very  consider- 
able quantity  of  hydrogen,  that  he  remained  for  some  time 
in  the  belief,  that  he  had  effected  its  decomposition ;  and  M. 
Arago  will  add,  that  since  hydrogen  decomposes  sulphurous 
acid,  it  follows,  that  sulphuric  acid  cannot  but  be  reduced  by 
sulphur,  in  all  the  forms  in  which  sulphur  is  commonly  ex- 
perimented with,  to  its  primitive  state,  and  that  the  Reviewer 
therefore  is  literally  right. 

And  now,  retaining  the  very  sincere  respect  which  I  have 
always  felt  for  one  who  has  so  laudably  devoted  the  leisure 
hours  of  a  busy  life  of  public  service  to  the  promotion  of  lite- 
rature and  science,  I  hope  I  may  have  persuaded  you,  that  it 
is  at  once  more  safe,  and  more  just,  for  those  who  have  not  had 
leisure  to  pursue  chemical  studies  to  their  foundation,  to  leave 
chemistry  and  chemists  to  themselves — at  least  so  far  as  regards 
the  minutiae  of  the  science,  and  arbitrations  of  the  rights  of 
discovery;  and  I  take  the  license  of  old  acquaintance  to  ad- 
vise, that  if  you  •will  venture  on  such  dangerous  ground,  you 
should  at  least  learn  how  to  choose  your  authorities;  and 
when  you  find  even  Robison,  and  Watt,  deserting  you,  and 
the  perpetual  Secretary  so  tardy  in  coming  to  the  rescue,  you 
should  not  think  it  enough  to  reflect  that  in  1 803 — 1 839 — 1 845 
and  1846 — you  yourself  stated  and  re-stated  an  opinion  con- 
trary to  the  public*  voice  of  the  chemists  of  England. 

I  have  the  honour  to  remain,  with  undiminished  regard, 
My  dear  Lord,  your  faithful  Servant, 

W.  Vernon  Haiicourt. 

N.B.  An  oversight  with  respect  to  a  date  in  the  part  of 
*  Lord  Brougham  expresses  more  surprise  than  is  just,  that  I  take  no 
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this  letter  previously  published  (p.  116)  requires  to  be  thus 
corrected.  "  Priestley  addressed  this  paper  to  the  Royal  So- 
ciety on  the  21st  of  April  1783 :  and  therefore  the  communica- 
tion of  Cavendish's  experiments,  acknowledged  in  it  as  having 
suggested  his  own,  must  have  been  prior  to  the  speculations 
founded  thereon  which  Watt  addressed  to  Priestley  on  the 
26th  of  the  same  month,  as  well  as  to  Lavoisier's  experiments 
which  followed  in  June." 


LXXIX.  Observations  on  Mr.  Strickland's  Article  on  the 
Structural  Relations  of  Organized  Beings.  By  Prof.  Owen, 
F.R.S. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen, 
rT*HE  author  of  the  interesting  paper  "  On  the  Structural 
Relations  of  Organized  Beings,"  in  your  last  Number, 
appears, — in  recommending  the  introduction  of  "  the  adjec- 
tive affine  or  homologous  in  place  of  analogous,  when  referring 
to  structures  which  essentially  correspond  in  different  organic 
beings  "  (p.  358), — not  to  have  been  aware  that  the  term 
'  homologous '  had  been  used  in  the  sense  he  recommends, 
by  comparative  anatomists  both  in  this  country  and  abroad 
for  some  years  past. 

In  the  article  Marsupialia,  for  example,  Cyclopaedia  of 
Anatomy,  part  21,  April  184-1,  p.  283,  he  will  find—"  With 
reference  to  the  interesting  question, — What  is  the  homology 
or  essential  nature  of  the  ossa  marsupialia  ?  " — and  their  homo- 
logies discussed.  In  No.  XXII.  of  the  same  Cyclopaedia, 
article  Monotremata,  p.  375 :  "  The  interposed  cartilages, 
which  thus  form  a  third  element  in  the  costal  arch,  repeat  a 
structure  common  in  Crocodiles,  and  may  be  regarded  as  the 
homologues  of  the  costal  appendages  in  the  ribs  of  birds."  And 

notice  of  his  having  quoted  a  private  letter  to  the  son  of  Mr.  Watt  on  the 
subject  of  his  father's  claims.  I  am  aware  that  Lord  Brougham  says  he 
has  seen  such  a  letter,  and  says  also  that  the  opinion  expressed  in  it  re- 
specting Watt's  MSS.  is  different  from  the  opinion  attributed  to  Dr.  Henry 
by  me :  but  I  am  not  aware  that  Lord  Brougham  has  given  any  quotation 
from  this  letter ;  nor  if  he  had,  would  any  partial  quotation  have  satisfied 
me,  that  Dr.  Henry's  opinion  was  at  any  time  different  from  that  which  he 
expressed  to  me,  when  I  mentioned  to  him  the  sentiments  which  I  had 
heard  fall  from  M.  Arago  concerning  the  MSS.  at  Aston,  and  the  insin- 
cerity of  Cavendish.  Dr.  Henry  then  said,  that  he  had  seen  nothing  in 
those  MSS.  either  to  justify  that  impression,  or  to  alter  the  received 
opinion  respecting  the  discovery  of  the  composition  of  water.  Who 
indeed  can  doubt  but  that  the  MSS.,  had  they  contained  any  evidence  to 
support  an  object  which  has  been  so  long  urged  by  private  solicitation, 
would  have  been  made  public  long  ago? 
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again,  p.  377: — "  These  clavicles  are  the  homologues  of  the 
os  furcatorium  in  the  Bird."  And  in  the  note,  same  page: — 
"  For  a  full  and  elaborate  discussion  of  the  various  opinions 
which  have  been  offered  respecting  the  homology  or  significa- 
tion of  the  complicated  apparatus  of  the  shoulder,"  &c.  I 
could  easily  multiply  instances  in  which  the  term  homology 
has  been  applied,  both  substantively  and  adjectively,  in  the 
sense  recommended  by  Mr.  Strickland.  I  have  been  in  the 
habit  of  defining,  in  my  Introductory  Lecture,  the  terms  ho- 
mology and  analogy,  as  in  the  Glossary  appended  to  the  Lec- 
tures on  Invertebrata,  published  in  1843,  and  of  illustrating 
their  meaning  in  comparative  anatomy,  by  reference  to  the 
skeletons  of  the  Bird  and  the  Draco  volans.  The  fore-limb  of 
the  Dragon  being  composed  of  essentially  the  same  parts  as  the 
wing  of  the  Bird,  is  homologous  with  it ;  but  the  wing  or  para- 
chute of  the  Dragon,  having  a  similar  relation  of  function,  is 
analogous  to  the  wing  of  the  Bird.  But  in  thus  illustrating  the 
term  homology,  I  have  always  felt  and  stated  that  I  was  merely 
making  known  the  meaning  of  a  term  introduced  into  com- 
parative anatomy  long  ago,  and  habitually  used  in  the  wri- 
tings of  the  philosophical  anatomists  of  Germany  and  France. 
Geoffroy  St.  Hilaire  also,  in  defining  the  term,  acknowledges 
its  source: — "  Les  organes  sont  homologues  comme  s'expri- 
merait  la  Philosophic  Allemande;  e'est  a  dire  qu'ils  sont  ana- 
logues dans  leur  mode  de  developpement,"  &c. — Annates  des 
Sciences,  torn.  vi.  1825,  p.  341. 

I  have  gone  perhaps  a  little  further  than  Oken  and  Geof- 
froy  in  defining  the  different  kinds  of  *  homology/  which  ap- 
pear to  me  to  be  three,  viz.  i  general,'  •  serial,'  and  *  special.' 
General  homology  is  the  relation  in  which  a  part  or  series  of 
parts  stands  to  the  ideal  or  fundamental  type;  and  thus,  when 
the  basilar  process  of  the  occipital  bone  in  Anthropotomy  is 
said  to  be  the  '  centrum  '  or  •  body  of  the  last  cranial  vertebra,' 
its  general  homology  is  enunciated.  When  it  is  said  to  re- 
peat, in  its  vertebra  or  natural  segment  of  the  skeleton,  the 
body  of  the  sphenoid  bone,  the  body  of  the  atlas,  and  the  suc- 
ceeding vertebral  bodies  or  centrums,  its  serial  homology  is 
indicated.  When  the  essential  correspondence  of  the  basilar 
process  of  the  occipital  bone  in  Man  with  the  distinct  bone 
called  '  basi-occipital '  in  a  crocodile  or  a  fish  is  shown,  its 
special  homology  is  determined. 

Vicq  d'Azyr  began  the  study  of  '  serial  homologies '  in  his 
ingenious  memoir  on  the  parallelism  of  the  fore  and  hind 
limbs,  in  the  Memoirs  of  the  French  Academy,  1788. 

*  Homologous  parts'  are,  indeed,  in  one  sense,  'analogous 
parts,'  having  like  relations,  as  being  repetitions  of  the  same 
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parts  of  the  body,  to  different  animals;  but  I  have  been  in  the 
habit  for  some  years  past,  of  expressing  this  kind  of  analogy 
by  the  term  'homology;'  and  I  heartily  join  in  the  recom- 
mendation of  your  ingenious  correspondent,  that  all  writers 
on  comparative  anatomy  and  zoology  should  use  the  word  in 
that  sense,  whether  it  be  or  be  not  coupled  with  the  likeness 
of  function  performed  by  such  parts ;  to  signify  which  rela- 
tion alone,  the  term  '  analogy '  should  be  restricted.  As  in- 
stances of  parts  both  homologous  and  analogous,  may  be 
cited  the  pectoral  limb  of  the  Porpoise  and  that  of  the  Fish : 
they  are  homologous  as  being  constituted  of  essentially  the 
same  or  corresponding  parts ;  they  are  analogous  as  having 
the  same  relation  of  subserviency  to  swimming.  So  likewise 
the  pectoral  fin  of  the  flying-fish  is  analogous  to  the  wing  of 
the  bird;  but,  unlike  the  wing  of  the  Dragon,  it  is  also  homo- 
logous with  it.  Some  organs  are  analogous,  but  only  par- 
tially homologous:  thus  the  Monkey's  foot  is  analogous  to  the 
Man's  hand,  as  having  the  functions  of  the  opposable  thumb : 
it  is  also  homologous  with  it  generally,  as  being  part  of  the 
radiated  appendage  of  a  haemal  arch ;  and  serially  as  being 
the  terminal  segment  of  that  appendage;  but  it  is  not  specially 
homologous  with  it.  The  thumbless  hand  of  si  teles  is  spe- 
cially homologous  with  the  perfect  hand  of  Man,  but  the  polli- 
cate  foot  of  Ateles  is  not  so.  I  offer  these  as  examples  of  the 
mode  in  which  '  homology  * '  is  illustrated  in  my  own  Lectures 
on  Comparative  Anatomy,  in  addition  to  those  cited  from  my 
printed  works. 

I  am,  Gentlemen, 
College  of  Surgeons,  Youi*  most  obedient  Servant, 

May  9,  1846.  RlCHARD  OwEN. 

LXXX.  Observations  on  Messrs.  Lyon  Playfair  and  Joule's 
Memoir  on  Atomic  Volume  and  Specific  Gravity.  By  Prof 
Marignac  of  Geneva\. 

HPHE  authors  in  this  paper  have  determined  the  density 
—  of  a  large  number  of  bodies,  and  have  arrived,  by  a  com- 
parison of  their  atomic  volumes,  at  laws  which  would  be  rather 
curious  if  they  could  be  regarded  as  proved.  Their  investi- 
gations have  been  principally  directed  to  the  soluble  salts,  and 
they  have  sought  to  determine  not  only  the  atomic  volume  of 

*  In  geometry  those  sides  of  similar  figures  which  are  opposite  to  equal 
and  corresponding  angles  are  sometimes  said  to  be  homologous,  as  being 
proportional  to  each  other. 

f  Translated  from  the  Bibllothequc  UniverseUe.  Feb.  15,1846.  The 
memoir  referred  to  will  be  found  at  p.  453  of  the  previous  volume  of  this 
Journal.    [Ed.  F hit.  Mag.] 
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these  salts  in  the  solid  state,  but  also  their  volume  in  the  state 
of  solution,  that  is  to  say,  the  increase  in  volume  which  the 
water  in  which  they  are  dissolved  undergoes.  Their  me- 
thod consists  in  introducing  a  determined  weight  of  salt  into 
water  contained  in  a  glass  bulb,  capable  of  holding  1000  to 
4000  grains  of  water,  surmounted  by  a  graduated  stem,  in 
which  they  measure  the  increase  in  volume  of  the  water  after 
the  solution  of  the  salt.  The  same  apparatus  served  to  mea- 
sure the  volume  of  the  salts  in  the  solid  state,  either  by  employ- 
ing a  saturated  solution  of  the  salts  or  a  liquid  in  which  they 
were  insoluble,  such  as  the  oil  of  turpentine. 

We  shall  examine  successively  the  results  relative  to  the 
volumes  occupied  by  the  salts  in  a  state  of  solution  and  in  a 
solid  state. 

In  1840  Dalton  observed  that  sugar  and  certain  hydrated 
salts,  on  solution  in  water,  increased  its  volume  by  a  quantity 
precisely  equal  to  the  volume  of  water  they  themselves  con- 
tained. He  generalised  this  observation,  extending  it  to  all  the 
hydrated  salts,  and  he  thence  concluded  that  the  anhydrous 
salts  did  not  increase  the  volume  of  the  water  in  which,  they 
were  dissolved. 

Messrs.  Playfair  and  Joule  confirmed  this  interesting  re- 
sult for  a  sufficiently  large  number  of  salts,  but  not  for  all*. 
Those  which  obey  this  law  are  in  general  the  salts  containing 
a  large  proportion  of  water  of  crystallization,  as  for  in- 
stance— 

The  sulphates  of  the  magnesian  group  with  5,  6  or  7  equiv.  water 

The  chlorides  of  calcium,  strontium  and  magnesium  with...    G  equiv.  water 

The  alumsf  with 24  equiv.  water 

The  phosphates  or  arseniates  of  soda,  neutral  or  basic,  with  24  equiv.  water 
The  carbonate,  borate,  sulphate,  pyrophosphate  of  soda  with  10  equiv.  water 
The  sulphate  of  alumina  with 18  equiv.  water 

Lastly,  cane-sugar,  considering  as  water  the  1 1  equiv.  oxy- 
gen and  hydrogen  which  it  contains. 

For  all  these  compounds  the  increase  in  volume  of  the 
water  in  which  they  are  dissolved  is  precisely  equal  to  the 
volume  of  water  they  contain ;  so  that  if  these  salts  be  used 
in  the  anhydrous  state,  they  dissolve  in  the  water  without 
causing  any  change  of  volume. 

Several  other  salts,  both  anhydrous  and  hydrated,  follow 
different  laws.     Messrs.  Playfair  and  Joule  advance  the  fol- 

*  This  had  been  previously  done  to  a  certain  extent  by  Mr.  Holker ;  see 
his  paper  in  vol.  xxvii.  p.  207  of  this  Journal. — Ed.  Phil.  Mag. 

t  There  is  however  an  exception,  for  the  ammoniacal  alums  possess  a 
volume  equal  to  25  equiv.  water  and  not  24  like  the  potash  alums,  although 
they  contain  like  them  only  24  equiv.  water  of  crystallization. 
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lowing  law  in  respect  to  them: — The  volume  occupied  by  an 
equivalent  of  any  salt  whatever  in  solution  in  water,  is  always 
an  exact  multiple  of  the  number  9  representing  the  atomic 
volume  of  water. 

It  is  difficult  to  conceive  whence  this  simple  relation  be- 
tween the  volume  of  the  salts  and  the  volume  of  the  water 
arises ;  nevertheless,  if  by  adopting  this  hypothesis  we  were 
led  to  represent  by  similar  formulae  the  volume  of  analogous 
compounds  this  law  would  be  interesting,  but  the  following 
examples  will  suffice  to  show  how  many  anomalies  we  meet 
with.  We  will  here  compare  the  number  of  volumes  of  water 
which  some  groups  of  analogous  compounds  occupy. 


Bisulphate  of  soda  .     . 

2 

Nitrate  of  copper  .     . 

2 

of  potash     . 

4 

of  soda.     .     . 

8 

of  ammonia 

5 

of  potash   .     . 

4 

Bicarbonate  of  soda 

2 

of  ammonia    . 

5 

of  potash  . 

i 

Chloride  of  potassium 

3 

of  ammonia 

4 

Iodide  of  potassium    . 

5 

But  let  us  pass  over  these  objections  and  see  whether  really 
the  circumstance  indicated  as  fact  is  sufficiently  established  by 
experiment.  The  atomic  volume  of  a  salt  in  solution  is  not  a 
constant  magnitude ;  it  varies  with  the  temperature  and  with 
the  relative  proportions  of  the  salt  and  of  the  water ;  we  will 
examine  successively  these  two  influences.  That  of  the  tem- 
perature is  very  considerable;  this  is  proved  by  the  experiments 
of  Messrs.  Playfair  and  Joule,  who  measured  the  volume  oc- 
cupied by  a  salt  at  different  temperatures.  The  following  are 
some  of  their  results : — 


Volume  of  one  equivalent 

of  salt  in 

solution. 

Sulphate  of  magnesia  with  7  equiv.  water 

at  0°     60-88 

at  29°     63 

ofzinc 

0       56-12 

32      63 

of  iron 

0       61 

27      63 

Anhydrous  sulphate  of  potash 

2  J     14-4 

27      18 

Sulphate  of  potash  and  copper 

0       65-2 

22      72 

of  potash  and  magnesia 

0       61-8 

27      72 

Now  at  what  temperature  should  these  volumes  be  com- 
pared with  one  another  ?  We  are  totally  unable  to  answer  this 
question,  but  certainly  nothing  authorizes  us  to  choose  for 
each  salt  a  different  and  arbitrary  temperature,  as  Messrs. 
Playfair  and  Joule  have  done,  by  taking  only  the  numbers 
inscribed  in  the  second  column,  because  these  alone  satisfied 
the  law  which  they  wanted  to  prove.  For  other  bodies,  how- 
ever, they  have  admitted  experiments  made  at  low  tempera- 
tures; thus  for  the  alums  of  iron  and  chromium  the  experi- 
ments were  made  at  2|°,  for  the  sulphate  of  alumina  at  10°. 
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When  it  is  seen  that  the  atomic  volume  of  sulphate  of  pot- 
ash and  magnesia  may  vary  more  than  10  between  0°  and 
27°}  it  will  readily  be  conceived  that  it  will  never  be  a  diffi- 
cult task  to  make  the  volume  of  each  compound  an  exact 
multiple  of  9;  for  this  purpose  it  is  merely  requisite  to  make 
the  experiment  at  a  suitable  temperature. 

The  relative  proportions  of  water  and  of  salt  likewise  cause 
the  volume  occupied  by  the  latter  in  solution  to  vary.  Messrs. 
Playfair  and  Joule  are  fully  aware  of  this;  they  made  experi- 
ments on  the  very  subject,  and  proved  this  influence  by  the 
following  results  relative  to  the  volume  occupied  by  an  equi- 
valent of  sugar  in  solution  in  different  quantities  of  water: — 

Relative  proportions  of    ,P  Volume  of  one  equivalent 

1     \       .  Temperature.  c  ■        ,  v 

sugar  and  water.  *  ot  sugar  in  solution. 

1     :      120  15°-5  99 

1     :        10  11  105-89 

1:1  11  107'01 

3:1  11  108-06 

The  difference  between  the  first  number  and  the  following 
would  have  been  still  greater  if  the  experiments  had  been 
made  at  the  same  temperature. 

What  then  are  the  relative  proportions  of  salt  and  water 
which  should  be  employed  in  order  that  the  results  may  be 
capable  of  comparison  ?  We  know  not,  and  the  authors  leave 
us  in  total  ignorance  of  the  subject ;  we  only  find  that  in  their 
experiments  they  have  not  restricted  themselves  to  uniform 
conditions  j  thus  they  employed 

Salt.     Water.  Proportion. 

for  the  sulphate  of  alumina  and  potash    59        1000       1  :     17 

of  iron  and  ammonia  30-06  1000       1:     33 

of  oxide  of  chrome  and  potash  ...  32        4100       1  :  129 
of  alumina  and  ammonia 20       4100       1  :  205 

Evidently,  if  under  such  circumstances  they  have  found  an 
agreement  between  the  volumes  of  these  salts,  it  may  be  con- 
cluded that  had  they  operated  under  uniform  conditions  they 
would  not  have  found  the  least  trace  of  one.  In  short,  the 
atomic  volume  of  a  salt  in  solution  depends  both  on  the  tem- 
perature and  the  relative  proportions  of  water  and  salt,  and 
these  circumstances  cause  the  volume  to  vary  within  consider- 
able limits.  As  long  as  these  influences  are  neglected,  or  we 
do  not  operate  so  that  they  act  in  all  cases  in  the  same  manner, 
the  results  obtained  cannot  be  compared  in  any  possible  way 
with  one  another. 

Let  us  now  pass  to  the  atomic  volume  of  the  salts  in  the 
solid  state.  Messrs.  Playfair  and  Joule  have  advanced  for 
these  the  following   law : — The  atomic  volume  of  any  salt 
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whatever  (anhydrous  or  hydrated)  is  a  multiple  of  11,  or  of  a 
number  near  to  II,  or  a  multiple  of  9*8  (the  atomic  volume  of 
ice);  or  again,  the  sum  of  a  multiple  of  11  or  of  9'8. 

This  law  appears  to  us  to  resemble  very  much  the  prece- 
ding, except  that  the  indecision  as  to  the  choice  between  the 
multiples  of  two  different  numbers  renders  it  still  less  pro- 
bable. 

We  do  not  in  this  case  meet  in  the  same  degree  with  the 
objections  above  set  forth  for  the  case  of  dissolved  salts;  the 
temperature  cannot  cause  any  great  variation  in  their  density, 
and  the  experiments  were  made  at  temperatures  varying  too 
little  to  have  any  separate  influence, — if  it  be  admitted,  which 
however  is  far  from  being  proved,  that  with  respect  to  the 
solid  bodies  their  densities  should  be  compared  at  the  same 
temperatures. 

We  will  however  make  one  remark  relative  to  the  process 
by  which  the  densities  were  determined ;  it  appears  to  us  little 
suited  to  give  accurate  results.  It  is  not  stated  what  was  the 
volume  of  the  liquid  to  which  the  salt  whose  density  was  to  be 
determined  was  added ;  but  as  it  was  the  same  apparatus  which 
had  served  for  the  preceding  experiments,  we  may  suppose 
that  it  contained  at  least  1000  grains  of  water.  The  quantity 
of  salt  employed  in  each  experiment  was  from  40  to  60  grains, 
and  there  thence  resulted  an  increase  in  the  volume  of  the 
liquid  corresponding  to  about  20  to  40  grains  of  water;  in  a 
great  number  of  cases  indeed  we  find  an  increase  of  only  10 
to  20  grains,  that  is  to  say,  of  from  1  to  2  per  cent,  of  the  total 
volume.  It  is  evident  that  by  this  process  it  is  extremely  dif- 
ficult to  avoid  serious  errors  produced  by  the  slightest  varia- 
tions of  temperature,  which  tend  to  alter  the  volume  of  so 
large  a  liquid  mass,  and  of  errors  probably  still  more  import- 
ant, which  might  result  either  from  the  solution  of  a  portion 
of  the  salt  in  the  liquid,  if  this  was  not  accurately  saturated, 
or  from  the  precipitation  of  a  portion  of  the  salt  contained  in 
the  liquid,  if  it  were  more  than  saturated.  The  experiments 
of  Gay-Lussac  prove  indeed  that  both  these  circumstances 
may  readily  occur. 

These  causes  of  error  might  perhaps  be  neglected  if  the  vo- 
lume of  the  liquid  were  very  inconsiderable;  but  when,  on  the 
contrary,  its  proportion  is  so  large  relatively  to  the  solid  salt, 
they  become  too  serious  for  any  confidence  to  be  placed  on  the 
densities  obtained  by  this  process. 

We  should  add,  that  on  reviewing  the  formulae  which 
Messrs.  Playfair  and  Joule  have  established,  based  on  the  pre- 
ceding law,  they  do  not  appear  to  us  to  indicate  any  very  great 
probability  for  this  law.     Along  with  certain  analogies  which 
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do  not  surprise  us,  for  they  result  simply  from  the  fact  of  the 
equality  of  the  atomic  volumes  with  respect  to  the  isomorphous 
compounds,  we  meet  with  a  number  of  most  striking  anomalies. 
For  the  chlorides  of  calcium,  strontium  and  magnesium,  the 
atomic  volume  is  equal  to  1 1  multiplied  by  6,  i.  e.  the  number  of 
equivalents  of  water  of  crystallization  of  those  salts,  but  for  the 
alums  it  is  11  x  25,  while  there  are  only  24  equiv.  water.  For 
the  sulphate  and  borate  of  soda  with  10  equiv.  water  the  vo- 
lume =  11  X  10,  but  for  the  pyrophosphate  with  10  equiv. 
water  it  is  11x11;  and  for  the  carbonate  likewise,  with  10 
equiv.  water,  it  is  9*8x10;  for  the  anhydrous  carbonate  of 
soda  the  factor  11  is  taken,  and  for  the  hydrated  carbonate 
9*8 ;  on  the  contrary,  for  the  anhydrous  sulphate  of  soda  the 
authors  prefer  9*8,  and  for  the  hydrated  sulphate  1 1 .  The  bro- 
mide of  potassium  =4x  11,  the  bromide  of  sodium  =5x11, 
the  chloride  of  potassium  =4x9*8,  the  chloride  of  sodium 
=  3x9*8. 

These  instances  we  think  will  suffice  to  show  that  the  hy- 
pothesis of  Messrs.  Playfair  and  Joule  is  not  confirmed  by  an 
analogy  of  formulas  such  as  ought  to  be  expected,  and  that 
the  coincidence  which  does  exist  between  the  calculated  and 
the  observed  densities  merely  result  from  the  easy  way  in  which 
the  authors  select  at  will  the  factor  9*8  or  the  factor  11,  or 
even  of  combining  them  for  one  and  the  same  body,  as  they 
have  done  in  a  large  number  of  cases. 

LXXXI.  Remarks  on  Dr.  Faraday's  Paper  on  Ray-vibrations. 
By  G.  B.  Airy,  Esq.,  Astronomer  Royal. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen, 

THE  communication  which  accompanies  this  was  sketched 
before  my  attention  was  called  to  Dr.  Faraday's  leading 
paper  in  your  Number  for  the  present  month.  I  need  not  to 
say  that  I  read  that  paper  with  great  interest  and  great  plea- 
sure. Yet  I  will  ask  your  indulgence,  and  I  am  sure  that  I 
shall  receive  the  forgiveness  of  Dr.  Faraday,  while  I  comment 
on  the  principal  points  of  that  paper  somewhat  critically.  I 
am  desirous  of  examining,  or  of  suggesting  grounds  for  exa- 
mination by  others,  as  to  how  far  the  fundamental  supposi- 
tions of  Dr.  Faraday  are  necessarily  limited  by  recognised 
phagnomena,  and  as  to  how  far  the  subject  is  metaphysical  or 
physical. 

The  paper,  as  I  understand,  treats  of  two  subjects : — 

1.  The  possibility  of  explaining  phenomena  of  radiation, 
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more  especially  of  light,  by  supposing  that  when  there  is  no 
body  obviously  occupying  the  path  of  the  light,  &c,  the  vibra- 
tions which  are  assumed  as  the  foundation  of  the  undulations 
producing  the  phsenomena  are  transmitted  on  the  lines  of  force 
by  what  (for  want  of  a  received  term)  may  be  called  lateral 
shakes. 

2.  The  possibility  of  removing  the  idea  of  substance  and 
substituting  for  it  that  of  centres  of  force. 

I  shall  treat  of  these  in  the  order  in  which  I  have  written 
them  above. 

1.  With  regard  to  the  transmission  of  light  through  the 
planetary  spaces. 

Dr.  Faraday  and  myself  agree  in  receiving  the  undulatory 
theory  of  light  with  transversal  vibrations,  as  applicable  to 
those  phaenomena  which  present  themselves  in  ordinary  optical 
experiments.  Without  any  wish  therefore  to  dogmatize  on 
this  matter,  I  shall  assume  the  undulatory  theory  in  all  the 
following  remarks. 

It  is  admitted  that  vibrations  forming  progressive  undula- 
tions are  required  for  the  explanation  of  certain  crystalline 
and  other  phaenomena.  But  I  must  claim  somewhat  more. 
Progressive  undulations  (leaving  the  nature  of  their  vibrations 
undetermined)  are  required  to  explain  the  phaenomena  of  dif- 
fraction', and  these  progressive  undulations  must  not  be  of 
the  nature  of  radial  shakes,  where  each  shake  derives  its 
virtue  or  existence  from  the  momentary  influence  of  the  dis- 
tant origin,  but  they  must  be  true  waves,  of  which  the  mecha- 
nical characteristic  is  that  the  motion  of  a  succeeding  set  of 
particles  is  determined  by  the  relative  motion  of  the  prece- 
ding set  of  particles;  the  order  of  "preceding"  and  "suc- 
ceeding" not  being  confined  to  a  radial  line  or  to  any  lines 
whatever,  but  being  such  that  the  motion  of  particles  may  be 
origin  of  motion  to  other  particles  extending  round  them 
through  a  very  large  solid  angle.  I  defy  any  one  to  put  to- 
gether a  theory  of  radial  lines  subject  to  lateral  shakes  which 
shall  explain  diffraction ;  and  I  say  that  it  will  be  found  ab- 
solutely necessary  to  admit,  in  the  theory  explanatory  of  dif- 
fraction, that  each  disturbance  of  particles  produces  a  swell 
(to  use  language  derived  from  the  motion  of  water),  which 
swell  is  propagated  in  all  directions  through  at  least  a  very 
large  solid  angle.  Now  the  consequences  of  this  are  very 
important.  Diffraction  takes  place  in  air;  therefore  the  vi- 
brating medium  exists  in  air,  and  the  undulations  are  trans- 
mitted by  it,  and  not  by  radial  shakes.  As  far  as  we  can  per- 
ceive air  in  its  utmost  degree  of  tenuity,  it  produces  refac- 
tion-,   refraction   inexorably  requires  for   its  explanation   a 
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change  of  velocity  of  the  undulations,  and  a  power  at  the  same 
time  of  changing  the  direction  of  progress  in  a  degree  exactly 
corresponding  to  the  change  of  velocity  :  these  changes  are 
in  the  simplest  and  most  natural  manner  possible  explained 
by  the  theory  of  true  waves  in  which  the  swell  produced  by 
every  particle  is  propagated  in  all  directions  through  a  very 
large  angle,  while  (as  I  apprehend)  it  will  be  found  somewhat 
difficult  to  modify  a  theory  of  radial  shakes  so  as  to  explain 
them  ;  therefore  I  conceive  it  demonstrated  that  the  propaga- 
tion of  true  waves  takes  place  through  the  air  to  its  utmost 
borders.  Beyond  the  existence  of  sensible  air  we  can  make 
no  experiments ;  and  I  am  free  to  concede  that  if  we  supposed 
the  air  and  its  accompanying  aether  [if  different]  to  terminate 
at  a  distinct  frontier,  and  if  we  supposed  the  transversal  shakes 
to  be  propagated  radially  through  the  planetary  spaces  to  that 
frontier,  and  then  supposed  each  shake,  as  it  presented  itself, 
to  be  the  origin  of  a  spreading  swell  through  the  asther,  the 
phaenomena  of  light  would  be  explained.  But  here  a  re- 
markable circumstance  forces  itself  on  our  minds.  A  mo- 
ment's consideration  will  show  that  at  this  frontier  the  course 
of  the  light  will  be  subject  to  refraction,  in  just  the  same  way 
as  if  the  incident  light  had  consisted  of  waves,  and  following 
the  same  law  as  depending  on  the  velocity  of  propagation. 
Now  it  is  abundantly  established  that  at  the  boundary  of  our 
air  there  is  no  sensible  refraction,  that  is,  that  the  velocity  of 
the  propagation  is  not  sensibly  altered.  Now  is  it  not  a  very 
curious  circumstance  that  there  should  be  a  system  of  radial 
shakes  outside  and  a  system  of  true  waves  inside  which  pro- 
pagate the  undulations  with  exactly  the  same  velocity?  Is 
there  any  philosopher  who  would  be  inclined  to  receive  as 
true  this  suggestion  of  two  independent  causes  of  velocity,  and 
tliis  exact  adjustment  of  independent  velocities,  when  the  ad- 
justment will  necessarily  exist  if  the  same  vibrating  medium  or 
aether  occupies  all  space?  Not  I,  certainly.  However  well- 
disposed  I  might  be  to  admit  any  such  saltus  of  nature  at  the 
surface  of  glass  or  crystal  where  the  phaenomena  of  light  are 
totally  changed,  I  cannot  bring  myself  to  believe  in  it  as  ex- 
isting either  through  the  air  where  the  change  of  phenomena 
is  gradual,  or  at  the  limits  of  the  air  where  there  is  no  change 
at  all.  In  a  word,  I  must  have  the  same  theory  of  light  for 
the  planetary  spaces  as  for  the  air  in  which  our  experiments 
on  diffraction  are  made;  and  that  theory  must  be  the  theory 
of  true  waves. 

I  do  not  insist  on  the  novelty  of  the  conception,  that  lateral 
influences  take  place  in  a  travelling  succession  along  a  radial 
line,  in  a  manner  different  from  anything  whatever  that  we 
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know.  I  am  perfectly  aware  that  the  theory  is  merely 
sketched  by  Dr.  Faraday  as  the  result  of  hasty  thought,  and 
that  it  might  be  in  some  measure  modified  in  its  details  on 
further  consideration  by  its  author.  But  while  the  distinctive 
features  of  the  theory  are  retained,  it  will  be,  for  the  reasons 
which  I  have  given,  inadmissible  to  me.  The  theory  is  how- 
ever, in  my  opinion,  a  fair  subject  for  the  consideration  of  the 
natural  philosopher. 

2.  With  regard  to  the  substitution  of  centres  of  force  for 
matter. 

This  speculation,  in  its  general  character,  differs  little  from 
the  celebrated  inquiry  regarding  Substance  and  Accidents. 
In  the  latter  the  question  is,  whether,  when  we  have  found  a 
lump  of  matter  to  possess  certain  form,  colour,  weight,  and 
other  properties,  we  can  satisfy  ourselves  by  saying  that  this 
lump  of  matter  is  a  combination  of  such  a  form,  such  a  colour, 
such  a  weight,  &c.  ?  And  the  answer  has  usually  been  that 
the  mind  is  not  satisfied  unless  we  describe  the  lump  of 
matter  as  something  possessing  the  properties  of  such  a  form, 
such  a  colour,  such  a  weight,  &c.  In  the  speculation  before 
us,  the  question  is,  whether  instead  of  matter  which  exerts 
certain  actions  upon  other  matter,  we  may  assume  that  there 
is  nothing  but  a  number  of  centres  of  force  producing  these 
actions?  I  think  that  most  persons  would  say  that  the  mind 
is  not  satisfied  with  this  assumption,  and  that  it  requires  the 
idea  of  a  something  as  foundation  for  these  centres  of  force. 
But  this  question,  in  my  opinion,  is  purely  a  metaphysical 
question,  entirely  removed  from  the  province  of  the  natural 
philosopher. 

To  a  great  extent  I  am  willing  to  admit  that  the  supposi- 
tion of  centres  of  force  is  satisfactory.  Mechanical  attraction 
or  repulsion  (including  weight  under  the  former  term),  colour, 
radiation  of  every  kind  where  the  existence  of  something  in- 
termediate between  the  radiating  body  and  the  body  receiving 
the  radiation  is  not  apparently  demonstrated ;  all  these  may, 
I  think,  be  received  without  scruple  as  the  results  of  mere 
centres  of  force.  But  there  is  one  property,  to  which  by 
chance  Dr.  Faraday  has  not  alluded  in  his  paper,  that  ap- 
pears to  me  irreconcileable  with  the  notion  of  centres  of 
force;  I  mean  the  property  of  inertia.  And  I  believe  that 
the  general  notion  of  substance  is  really  founded  upon  the  per- 
ception of  inertia.  Construct  for  any  one  a  mass  of  matter 
possessing  invariable  form,  colour,  and  other  attributes,  even 
attraction ;  if  he  finds  that  this  mass  yields  to  muscular  or 
other  force  without  perceptible  resistance  (it  matters  not  whe- 
ther it  continually  retain  the  same  velocity  or  not),  he  will 
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scarcery  scruple  to  admit  that  there  is  no  substance.  While 
the  resistance  to  force  remains,  it  seems  scarcely  possible  to 
get  rid  of  the  idea  of  substance. 

Perhaps  it  may  be  said  that  even  inertia  may  be  represented 
by  centres  of  force,  only  supposing  the  development  of  the 
force  to  be  dependent  in  some  way  upon  time.  Such,  how- 
ever, is  not  the  character  of  forces  that  we  know  best;  and 
the  introduction  of  this  idea  appears  to  give  greater  complexity 
to  the  force-centre-theory  than  is  given  by  the  idea  of  sub- 
stance in  the  material  theory. 

Now  I  say  that,  in  the  wave-theory  of  light,  and  in  all  the- 
ories of  waves  where  the  amplitude  of  the  vibrations  does  not 
diminish  transcendentally  with  relation  to  the  distance  passed 
over  by  the  wave,  the  supposition  of  inertia  (or  something 
equivalent)  is  absolutely  necessary.  This  will  be  evident  to 
any  mathematician  who  compares  the  results  obtained  from 
the  different  suppositions  of  inertia  or  no  inertia.  For  in- 
stance ;  in  the  theory  of  the  transmission  of  heat  by  conduc- 
tion, no  inertia  is  supposed ;  the  equation  then  has  the  form 

dh  d?h 

-rr  =  A  .  -t-g,  of  which  the  solution  (supposed  to  be  periodic) 
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is,  k  =  ]S  .e~ax  .cos  (fit  —  (3. v).      But  in  the  theory   of  the 

transmission  of  sound,  where  the  vibrating  particles  are  sup- 
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posed  to  possess  inertia,  the  equation  is  -y-g  =  A .  ■  ,  $,  01 

which  the  solution  (similarly  restricted)  is  X=B.cos(»£— jSjf). 
The  former  result  certainly  does  not  represent  anything  like 
the  law  of  diminution  of  light ;  the  latter  does  represent  its 
general  constancy  of  intensity  (the  distance  of  the  source 
being  very  great).  I  infer  therefore  that  the  supposition  of 
inertia  is  absolutely  necessary. 

Combining  this  inference  with  that  obtained  above  regard- 
ing the  universality  of  undulations  in  space,  I  am  led  to  the 
conclusion  that  all  space  with  which  we  are  acquainted  con- 
tains something  which  exhibits  the  property  that  we  call  in- 
ertia. The  reasons  which  have  led  me  to  this  conclusion 
appear  to  me  decisive,  but  I  admit  them  to  be  fair  subjects 
for  doubt  and  discussion  by  natural  philosophers.  Whether 
we  are  to  infer  from  this  that  there  is  matter  through  all 
space,  is,  in  my  opinion,  a  metaphysical  question. 

But  the  remarks  that  I  have  just  made  will  enable  me  to 
answer  one  paragraph  of  Dr.  Faraday's  paper.  "  Perhaps  I 
am  in  error  in  thinking  the  idea  generally  formed  of  the 
aether  is  that  its  nuclei  are  almost  infinitely  small,  and  that 
such  force  as  it  has,  namely  its  elasticity,  is  almost  infinitely 
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intense.  But  if  such  be  the  received  notion,  what  then  is  left 
in  the  aether  but  force  or  centres  of  force?"  To  this  I  reply, 
that  almost  infinitely  has  no  meaning  but  finitely,  and  there- 
fore that  the  supposed  aether,  under  this  description,  is  pre- 
cisely in  the  same  category  as  all  other  fluids.  But  I  add,  in 
regard  to  the  latter  sentence,  that  the  mathematical  considera- 
tions which  I  have  detailed  above,  show  that  there  is  some- 
thing in  the  aether  besides  force  or  centres  of  force,  namely 
inertia.  And  I  repeat  the  expression  of  my  own  opinion, 
that  it  is  easier  to  conceive  this  as  indicating  substance  (how- 
ever obscure  the  idea  may  be),  than  to  frame  a  system  of  laws 
applying  to  centres  of  force  which  shall  represent  its  effects 
equally  well. 

I  am,  Gentlemen, 
Royal  Observatory,  Greenwich,  Your  obedient  Servant, 

May  12,  1846.  G.  B.  AlRY. 


LXXXII.  Explanation  of  the  Vorticose  Movement,  assumed 
to  accompany  Earthquakes.  By  Robert  Mallet,  C.E., 
M.R.I.  A.,  Ph.D.,  fyc,  Secretary  of  the  Geological  Society  of 
Dublin  *. 

TN  our  progress  to  the  ascertainment  of  physical  knowledge, 
*■  the  removal  of  error  is  next  in  importance  to  the  discovery 
of  that  which  is  true,  inasmuch  as  by  the  former  the  road  is 
cleared,  by  which  the  difficult  journey  towards  truth  is  to  be 
accomplished.  The  substitution,  therefore,  of  a  true  for  a 
false  explication  of  phaenomena,  however  in  themselves  unim- 
portant, is  never  to  be  neglected ;  and  with  this  view  it  was 
that  I  some  time  since  addressed  myself  to  the  discovery  of 
what  I  believe  to  be  the  true  explanation  of  a  somewhat  sin- 
gular and  heretofore  puzzling  circumstance  attendant  upon 
the  effects  of  earthquakes  upon  buildings,  which  has  been 
frequently  observed,  and  has  been  hitherto  explained,  so  far 
as  it  has  been  attempted  to  be  explained  at  all,  by  the  assump- 
tion of  a  vorticose  or  gyratory  movement  having  been  in  some 
inexplicable  way  given  to  the  ground.  The  phaenomenon 
alluded  to,  is  the  displacement  of  the  separate  stones  of  pe- 
destals or  pinnacles,  or  of  portions  of  masonry  of  buildings  by 
the  motion  of  earthquakes,  in  such  a  manner  that  the  part 
moved  presents  evidence  of  having  been  twisted  in  its  bed 
round  a  vertical  axis. 

The  first  notice  I  find  recorded  of  such  a  peculiar  motion, 
is  in  the  Philosophical  Transactions,  in  an  account  of  the 

*  Communicated  by  the  Author. 
Phil.  Mag.  S.  3.  No.  1 90.  SuppL  Vol.  28.  2  O 
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earthquake  at  Boston,  in  New  England,  of  November  18th, 
1755,  communicated  by  John  Hyde,  Esq.,  F.R.S.  He  says, 
"the  trembling  continued  about  two  minutes;  near  one  hun- 
dred chimneys  were  levelled  with  the  roofs  of  the  houses,  and 
many  more  shattered.  Some  chimneys,  though  not  thrown 
down,  are  dislocated  or  broken  several  feet  from  the  top,  and 
partly  turned  round  as  on  a  swivel.  Some  are  shoved  to  one 
side  horizontally,  jutting  over,  and  just  nodding  to  fall,"  &c. 
This  author  does  not  seem  to  have  been  struck  with  this  odd 
circumstance  of  the  twisting  round  of  the  chimneys,  and  offers 
no  explanation.  The  next  instance  that  I  have  found  is  in 
the  account  of  the  great  earthquake  of  Calabria,  in  1783,  as 
recorded  by  the  Royal  Academy  of  Naples,  quoted  by  Mr. 
Lyell,  in  his  Principles  of  Geology,  vol.  i.  page  482.  After 
describing  several  other  remarkable  phaenomena,  tending  to 
show  the  great  velocity  of  the  shock,  such  as  that  many  large 
stones  were  found,  as  it  were,  shot  out  of  their  beds  in  the 
mortar  of  buildings,  so  as  to  leave  a  complete  cast  of  them- 
selves in  the  undisturbed  mortar;  while  in  other  instances 
the  mortar  was  ground  to  powder  by  the  transit  of  the  stone, 
he  says,  "  Two  obelisks  (of  which  he  has  given  figures) 
placed  at  the  extremities  of  a  magnificent  fafade  in  the  con- 
vent of  St.  Bruno,  in  a  small  town  called  Stephano  del  Bosco, 
were  observed  to  have  undergone  a  movement  of  a  singular 
kind.  The  shock,  which  agitated  the  building,  is  described  as 
having  been  horizontal  and  vorticose.  The  pedestal  of  each 
obeli.sk  remained  in  its  original  place,  but  the  separate  stones 
above  were  turned  partially  round,  and  removed  sometimes 
nine  inches  from  their  position  without  falling."  This  is  all 
that  Lyell  says  upon  the  subject;  he  contents  himself  appa- 
rently with  the  vorticose  account  of  the  Neapolitan  Academy. 

I  have  found  some  i'ew  other  notices  of  similar  phaenomena 
in  old  books  of  travels.  Two  additional  instances,  however, 
will  be  sufficient.  The  first  will  be  found  in  the  quarterly 
journal  of  the  Royal  Institution,  in  a  narrative  of  the  earth- 
quake in  Chili,  of  November  1822,  communicated  by  F.  Place, 
Esq. 

The  church  of  La  Morceda,  at  Valparaiso,  built  of  burnt 
bricks,  stood  with  its  length  north  and  south.  [The  houses 
are  built  of  adobes,  or  sun-dried  bricks.]  "The  church 
tower,  sixty  feet  high,  was  levelled ;  the  two  side- walls,  full  of 
rents,  were  left  standing,  supporting  part  of  the  shattered  roof, 
but  the  two  end- walls  were  entirely  demolished.  On  each 
side  of  the  church  were  four  massive  buttresses,  six  feet  square, 
of  good  brickwork ;  those  on  the  western  side  were  thrown 
down  and  broken  to  pieces,  as  were  two  on  the  eastern  side. 
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The  other  two  were  twisted  off  from  the  wall  in  a  north-east- 
erly direction,  and  left  standing."  The  direction  of  the  shocks 
was  thought  to  be  either  from  the  south-west,  or  from  the 
north-west. 

We  shall  see  hereafter  evidence  in  the  twisting  of  the  two 
remaining  buttresses,  that  the  former  was  the  real  direction 
of  the  shocks,  and  that  there  was  no  vorticose  motion,  (indeed, 
the  idea  of  two  vortices,  with  centres  only  a  few  feet  apart,  is 
absurd  upon  the  face,)  but  that  the  twisting  of  the  buttresses 
is  accounted  for  simply  by  a  straight  line  movement,  in  con- 
nection with  the  attachment  of  the  buttresses  at  one  side,  to 
the  flank  wall  of  the  church. 

The  last  instance  I  shall  quote  is  from  the  pages  of  the  able 
and  delightful  Darwin,  in  his  Journal  of  a  Naturalist's  Voy- 
age (Colonial  Library,  edit.  p.  308),  in  describing  the  effects 
of  the  great  earthquake  of  March  1835,  upon  the  buildings 
in  the  town  of  Conception ;  and  after  noticing,  also,  the  evi- 
dences of  immense  velocity  in  the  shock,  by  which  the  pro- 
jecting buttresses  from  the  nave  walls  of  the  cathedral  had 
been  cut  clean  off  close  to  the  wall,  by  their  own  inertia,  while 
the  wall,  which  was  in  the  line  of  shock,  remained  stand- 
ing; he  proceeds, — "Some  square  ornaments  on  the  coping 
of  these  same  walls  were  moved  by  the  earthquke  into  a  dia- 
gonal position.  A  similar  circumstance  was  observed  after 
an  earthquake  at  Valparaiso,  Calabria  and  other  places,  in- 
cluding some  of  the  ancient  Greek  temples  "  (for  which  he 
quotes  Arago,  in  Ulnstitut.  1839,  p.  337,  and  Miers's  Chile, 
vol.  i.  p.  392). 

"This  twisting  displacement,"  he  proceeds,  "at  first  ap- 
pears to  indicate  a  vorticose  movement  beneath  each  point, 
thus  effected ;  but  this  is  highly  improbable.  May  it  not," 
he  adds,  "  be  caused  by  a  tendency  in  each  stone  to  arrange 
itself  in  some  particular  position  with  respect  to  the  lines  of 
vibration,  in  a  manner  somewhat  similar  to  pins  on  a  sheet  of 
paper  when  shaken  ?" 

The  sagacity  of  Darwin  at  once  showed  him  that  the  vor- 
ticose hypothesis  was  most  improbable,  and  that  to  order  to 
its  being  able  at  all  to  account  for  the  phaenomenon,  a  sepa- 
rate vortex  must  be  admitted  for  every  separate  stone  found 
twisted,  the  axis  of  rotation  of  the  vortex  having  been  coinci- 
dent with  that  of  the  stone:  besides  this  paramount  improba- 
bility, therefore,  a  little  further  reflection  would  have  led  either 
Lyell  or  Darwin  to  estimate  the  necessarily  inconceivable  ve- 
locity of  motion,  at  the  extremity  of  the  radius  of  one  of  these 
vortices,  even  if  assumed  at  no  more  than  a  few  hundred  feet, 
in  order  that  its  velocity,  within  a  few  inches  of  the  centre, 
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should  be  so  great  as  to  wrench  out  of  its  mortared  bed,  and 
twist  a  block  of  masonry  by  merely  its  own  inertia. 

Considering  these  circumstances,  on  lately  reading  the  fore- 
going passages  of  Darwin,  I  was  soon  led  to  see  that  the  twist- 
ing phaenomena  observed  could  be  readily  accounted  for  upon 
the  established  principles  of  mechanics,  without  having  re- 
course to  either  vortices  or  vibrations,  arranging  blocks  of 
many  hundred  weights,  after  the  manner  of  pins  on  paper,  or 
sand  on  one  of  Chladni's  acoustic  plates, — an  explanation 
which,  with  all  my  admiration  of  Darwin,  appears  quite  as  far 
from  probability  as  its  predecessor. 

I  assume,  then,  nothing  more  than  what  is  universally  ad- 
mitted, that  during  earthquakes  a  motion  of  some  sort  takes 
place,  by  which  the  ground  itself,  and  all  objects  resting  upon 
it,  are  shaken  or  moved  back  and  forwards,  by  an  alternate 
horizontal  motion,  within  certain  narrow  limits,  which,  for  all 
present  evidence  to  the  contrary,  may  be  a  straight  line  mo- 
tion, though  possibly  variable  in  direction  at  different,  and 
sometimes  closely  successive  times,  and  the  velocity  of  which 
is  sufficient  to  throw  down  or  disturb  the  position  of  bodies 
supported  by  the  earth,  through  their  own  inertia. 

Let  us  now  apply  this  to  the  cases  described  of  stones 
twisted  on  their  bases,  and  the  explanation  will  at  once  come 
to  light. 

If  a  stone,  whether  symmetrical  or  otherwise,  rest  upon  a 
given  base,  and  that  motion  be  suddenly  communicated  hori- 
zontally to  that  base  in  any  direction,  the  stone  itself  will  be 
solicited  to  move  in  the  same  direction,  and  the  measure  of 
force  with  which  the  movement  of  the  base  is  capable  of  affect- 
ing the  stone  or  other  incumbent  body,  is  equal  to  the  amount 
of  friction  of  the  latter  upon  its  base — a  function  of  its  weight 
which,  without  the  intervention  of  cement,  may  be  from  one- 
fifth  to  one-tenth  of  the  weight  of  the  body,  for  cut  stone  rest- 
ing on  cut  stone,  but  may  be  increased  to  any  amount  by  the 
intervention  of  cement. 

The  stone,  however,  is  possessed  of  weight,  and  therefore 
of  inertia ;  that  is  to  say,  being  at  rest,  its  whole  mass  cannot 
be  instantly  brought  into  motion  by  the  plane,  and  if  the 
amount  of  adhesion  between  the  stone  and  its  bed  be  less  than 
the  inertia  due  to  any  given  velocity  of  horizontal  movement 
of  the  bed,  the  bed  will  move  more  or  less  from  under  the 
stone,  or  the  stone  will  appear  to  move  in  a  contrary  direction 
to  that  of  the  motion  of  its  bed. 

Now  the  inertia  of  the  stone,  which  is  here  the  resisting 
force,  may  be  considered  to  act  at  the  centre  of  gravity  of  the 
body. 
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The  impelling  force  is  the  grasp  of  the  stone,  which  its  bed 
holds  of  it  by  friction  or  adhesion ;  and  this  may  also  be  re- 
ferred to  some  one  point  in  the  surfaces  of  contact,  which  we 
might  call  the  centre  of  adherence. 

If,  then,  a  stone  or"  other  solid  body  rest  upon  a  horizontal 
plane,  which  is  suddenly  moved  with  sufficient  velocity  to 
effect  motion  in  the  incumbent  body,  three  several  conditions 
of  motion  of  the  body  may  occur,  according  to  the  respective 
position  of  the  centre  of  gravity  of  the  stone,  and  of  the  centre 
of  adherence. 

1st.  The  centre  of  gravity  of  the  stone  may  be  at  such  a 
height  above  the  base,  that  it  shall  upset  by  its  own  inertia. 
This  is  the  case  with  houses,  towers,  walls,  &c,  when  they 
fall  by  earthquakes,  accompanied  also  by  dislocation  of  their 
parts. 

2nd.  The  centre  of  adherence  may  be  in  a  point  of  the 
base,  plumb  under  the  centre  of  gravity  of  the  stone ;  or  in  a 
vertical  plane,  passing  through  the  centre  of  gravity  of  the 
stone,  and  in  the  direction  of  motion  of  the  base. 

In  this  case,  the  stone  will  appear  to  move  in  the  opposite 
direction  to  that  in  which  the  base  has  moved ;  that  is  to  say, 
the  stone  may  have  acquired  more  or  less  the  direction  of  mo- 
tion of  the  base,  according  as  the  motion  of  the  latter  has  been 
longer  or  shorter  continued,  or  less  or  more  rapid ;  but,  in  so 
far  as  the  movement  in  the  opposite  direction  has  taken  place, 
the  base,  in  reality,  has  slipped  from  under  the  stone. 

3rd.  The  centre  of  adherence  may  neither  be  plumb  under 
the  centre  of  gravity  of  the  stone,  nor  in  the  plane  of  motion 
passing  through  its  centre  of  gravity,  but  in  some  point  of  the 
base  outside  the  line  of  its  intersection  by  this  plane;  in  which 
case,  the  effect  of  the  horizontal  rectilineal  motion  of  the  base 
will  be  to  twist  the  stone  round  upon  its  bed,  or  to  move  it 
laterally,  and  twist  it  at  the  same  time,  thus  converting  the 
rectilineal  into  a  curvilineal  motion,  in  space ;  the  relative 
amount  of  the  two  compounded  motions  being  dependent  upon 
the  velocity  and  time  of  movement  of  the  base,  and  upon  the 
perpendicular  distance  measured  horizontally  at  the  surface  of 
adherence,  between  the  centre  of  adherence  and  the  centre  of 
gravity  of  the  stone. 

This  latter  case  is  that  which  applies  to  the  twisted  stones 
of  Calabria,  South  America  and  Greece ;  and  affords,  as  I 
feel  assured,  the  true  explanation  of  the  phaenomena. 

The  relation  of  these  forces,  which  have  taken  so  many 
words  to  state  correctly,  might,  of  course,  have  been  expressed 
algebraically  in  three  lines;  but  as  this  would  not  be  uni- 
versally intelligible,  I  have  preferred  the  more  tedious  and  in- 
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elegant  statement  of  words ;  and  to  render  the  matter  quite 
familiar,  have  prepared  a  model  of  one  of  the  Calabrian  pe- 
destals, figured  by  Mr.  Lyell,  which  will  exhibit  to  the  eye  all 
the  phasnomena  already  adverted  to,  by  giving  by  the  hand 
a  rectilineal  horizontal  motion  to  the  base*. 

I  have  now  proved  that  no  vorticose  motion  is  requisite  to 
account  for  the  twisting  of  obelisks,  &c,  as  observed  in  earth- 
quakes, and  that  nothing  more  than  a  simple  horizontal  rec- 
tilineal motion  is  demanded ;  but,  it  may  be  asked,  if  this  rec- 
tilineal horizontal  motion  in  earthquakes  be  an  alternate  one 
also — if  the  earth  shake  both  back  and  forwards — how  is  it 
that  these  and  other  displaced  bodies  are  not  moved  back  into 
their  places  again  by  the  reverse  motion,  by  the  same  sort  of 
motion,  acting  in  the  contrary  direction? 

This  question  is,  I  believe,  fertile  in  consequences,  and  its 
consideration  has  led  me  to  some  further  conclusions  as  to  the 
nature  of  earthquake  motions.  The  first  reason  obviously  is, 
that  as  the  forward  movement  has  by  displacement  produced 
a  new  set  of  conditions  as  to  the  centres  of  gravity  and  of  ad- 
herence of  the  stone  and  base,  so  it  can  scarcely  by  possibility 
ever  occur  that  there  shall  be  precisely  such  as  to  give  rise  to 
such  a  new  form  of  twisting  motion  as  shall  neutralize  that 
first  produced,  although  it  is  quite  probable  that  some  second 
twisting  may  be  produced  by  the  backward  stroke  or  motion  ; 
for  this  view  I  am  indebted  to  my  friend  Dr.  Apjohn.  But 
this  alone  is  not  sufficient.  After  looking  through  a  great 
number  of  authors,  on  earthquakes,  I  have  not  been  able  to 
find  one  that  has  endeavoured,  far  less  succeeded,  in  shaping 
to  himself  any  distinct  notion  as  to  what  the  precise  nature  of 
the  earthquake  movement  is.  The  ancients,  appealing  to  their 
senses,  so  far  as  these  could  guide  them,  thought  that  it  was 
like  the  shaking  of  a  sieve,  as  the  word  a-evafio 9  tells  us.  The 
moderns  in  general  are  not  more  exact  in  their  notions :  a 
trembling,  a  vibration,  a  concussion,  a  movement,  and  so  forth, 
are  the  words  we  find  scattered  through  even  scientific  authors. 
Mitchell,  Lyell  and  Darwin,  with  some  others,  although  they 
obviously  have  formed  no  distinct  idea  on  the  subject,  use  the 
word  "  undulation,"  and  in  so  far,  have  come  nearer  to  the 
truth ;  for  it  appears  to  me,  that  the  fact,  that  displaced  bodies 
are  not  occasionally  replaced,  in  earthquakes,  is  conclusive 
evidence  of  either  one  of  two  things :  either  the  motion  is 
limited  to  horizontal  direct  movement,  in  one  or  more  direc- 
tions ;  and,  if  so,  the  whole  mass  of  the  disturbed  country 
must  be  pushed  bodily  forward,  and  remain  so,  of  which  there 

*  Exhibited  at  the  Geological  Society  of  Dublin,  from  whose  Transac- 
tions this  paper  is  extracted. — Read  8th  December  1845. 
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is  no  evidence ;  and  all  bodies  must,  as  the  effect  of  one  shock, 
fall  in  the  one  direction,  and  not  in  opposite  directions,  which 
is  contrary  to  observed  facts:  or,  on  the  other  hand,  if  the 
movement  be  an  alternate  horizontal  motion,  as  all  observa- 
tions go  to  prove  it  is,  then  the  motion  in  one  direction  must 
be  slower  than  in  the  other,  or  attended  with  other  differences 
of  circumstances.  The  backward  motion  must  be  different 
from  the  forward  motion,  or  otherwise  displaced  bodies  would 
be  replaced  by  the  recurrence,  in  the  opposite  sign  of  forces 
similar  and  equal  to  those  that  first  set  them  in  motion ;  but 
they  are  not  found  so  replaced. 

Now,  of  all  conceivable  alternate  motions,  the  only  one  that 
will  fulfill  the  requisite  conditions  observed,  namely,  that  shall 
move  with  such  an  immense  velocity  as  to  displace  bodies  by 
their  inertia,  or  even  shear  close  off  great  buttresses  from  the 
wall,  they  sustained,  (Darwin)  or  project  stones  out  of  their 
beds,  by  inertia;  that  shall  have  a  horizontal  alternate  motion, 
either  much  quicker  in  one  direction  than  in  the  other,  or  dif- 
ferent in  its  effects ;  and  that  shall  be  accompanied  by  an  up- 
ward and  downward  motion  at  the  same  time — a  circumstance 
universally  described  as  attendant  on  earthquakes — the  only 
motion,  I  say,  that  will  fulfill  these  conditions,  is  the  transit  of 
a  great  solitary  wave  of  elastic  compression,  or  of  a  succession 
of  these,  in  parallel  or  in  intersecting  lines  through  the  solid 
substance  and  surface  of  the  disturbed  country. 

The  general  idea  of  the  nature  of  earthquake  motion,  viz. 
that  it  consists  of  a  wave  of  some  sort,  is  not  however  new, 
although  so  entirely  neglected  by  the  mass  of  recent  geologi- 
cal authors.  To  the  Rev.  John  Mitchell,  M.A.,  Fellow  of 
Queen's  College,  Cambridge,  the  merit  of  this  idea  appears 
originally  due.  In  a  paper  communicated  to  the  Royal  So- 
ciety, read  in  1760,  and  published  in  the  51st  vol.  of  the  Philo- 
sophical Transactions,  part  2nd,  he  treats  at  length  of  the 
origin  and  pheenomena  of  earthquakes,  and  distinctly  enun- 
ciates the  following  view: — 

That  the  motion  of  the  earth  is  clue  to  a  wave,  propagated 
along  its  surface,  from  a  point  where  it  has  been  produced  by 
an  original  impulse.  This  impulse,  he  conceives,  to  arise  from 
the  sudden  production  or  condensation  of  aqueous  vapour, 
under  the  bed  of  the  ocean,  by  the  agency  of  volcanic  heat, 
the  supposed  mechanism  of  which  he  minutely  describes;  but 
while  he  was  so  far  right  in  his  conception  of  an  elastic  wave 
of  some  sort,  1  expect  to  be  able  shortly  to  prove  that  he  has 
wholly  mistaken  the  nature  of  the  wave  that  actually  occurs, 
and  that  a  wave,  such  as  he  assumes,  can  have  no  existence 
consistently  with  the  physical  structure  of  our  globe,  with  the 
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observed  facts  of  earthquake  motions,  or  even  with  the  condi- 
tions of  his  own  hypothesis. 


LXXXIII.  On  the  Causes  to  which  Musical  Sounds  produced 
in  Metals  by  discontinuous  Electric  Currents  are  attributable. 
By  Prof.  Elie  Waktmann*. 

QINCE  the  discovery  made  in  1837  by  Dr.  Page,  and  veri- 
*-*  fied  the  following  year  by  Prof.  Delezenne,  of  the  possi- 
bility of  producing  a  musical  sound  by  electricity,  this  interest- 
ing phenomenon  had  scarcely  been  studied,  when  in  1844 
MM.  Marian,  Beatson,  Gassiot,  and  De  la  Rive  all  at  once 
made  known  the  various  conditions  of  its  production.  The 
interesting  memoir  of  the  last  gentleman,  printed  in  vol.  v. 
p.  500  of  the  Archives  de  I'Electricite,  contains  a  great  num- 
ber of  very  valuable  results.  But  the  theoretical  part  of  the 
subject  has  not  yet  been  presented  under  a  precise  and  gene- 
ral form,  and  it  is  with  a  view  to  supply,  if  possible,  this  gap, 
that  I  have  undertaken  the  following  experiments.  I  imagined 
them  in  the  month  of  August  1845,  in  consequence  of  a  meet- 
ing at  which  M.  de  la  Rive  exhibited  his  curious  apparatus  to 
Prof.  Dove  and  myself. 

A  well-annealed  soft-iron  wire,  lm,7  long  and  2mm,5  in  dia- 
meter, was  fixed  in  a  horizontal  position  on  a  thick  trencher 
of  hard  wood  inserted  into  the  wall.  One  of  its  extremities 
was  held  back  by  the  jaws  of  a  clamp,  whilst  the  other  sup- 
ported a  weight  of  24  kilogrammes.  Upon  a  cork,  pierced  by 
friction  with  the  wire,  I  arranged  a  small  plane  mirror,  with 
parallel  faces,  made  at  the  Optical  Institute  of  Munich  and 
intended  to  reflect,  into  a  telescope  furnished  with  cross  wires, 
the  divisions  of  a  scale  placed  at  a  distance  of  two  metres. 
This  arrangement,  similar  to  that  of  the  magnetometer,  ex- 
hibits the  least  deviations  of  the  reflecting  surface,  when  it  is 
not  displaced  parallel  to  itself.  The  iron  wire  passed  through 
a  wooden  reel,  the  bore  of  which  was  five  centimetres  in  dia- 
meter, and  on  which  were  rolled  three  copper  wires  enveloped 
with  silk,  23m,6  long  and  3  millimetres  in  diameter.  I  em- 
ployed a  Bunsen's  battery  of  eleven  pairs,  and  a  mercurial 
rheotome  or  contact-breaker ;  these  two  instruments  were  en- 
closed in  an  ante-room  adjoining  the  laboratory. 

According  to  the  place  which  the  wire  occupies,  it  becomes 
the  seat  of  greater  or  less  transversal  vibrations,  whose  plane 
may  be  varied  at  will.  In  general,  in  any  position  of  the  wire, 
the  intensity  of  the  effect  varies  at  different  points  of  its  length, 
as  is  perceived  on  bringing  the  mirror  to  such  points.  The 
*  Communicated  by  the  Author. 
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amplitude  of  the  vibrations  is  not  the  same  for  different  parts 
of  the  wire  subjected  similarly  to  the  reel.  M.  de  la  Rive 
found  this  by  the  comparison  of  the  sounds  obtained.  These 
phaenomena  result  from  the  attraction  exerted  upon  the  wire 
by  the  parts  of  the  coil  which  are  the  nearest  to  it :  they  cause 
a  distinct  class  of  sounds.  But  there  exists  another  cause  of 
vibrations  in  the  wire,  the  effect  of  which  is  more  or  less  in- 
dependent of  this  lateral  attraction.  Longitudinal  vibrations 
are  produced  in  it,  with  which  correspond  sounds  of  a  pecu- 
liar character.  If  the  axis  of  the  reel  was  identical  with  that 
of  the  wire,  supposing  it  exactly  rectilinear  and  cylindrical,  a 
transverse  deviation  would  no  longer  take  place.  But  even 
then,  the  molecules  on  which  the  electro-magnetic  action  is 
exerted  are  attracted  right  and  left  of  the  centre  of  the  axis  of 
the  reel  towards  this  central  point,  as  a  steel  needle  is  seen  to 
be  drawn  into  it  as  soon  as  it  is  introduced  into  the  hollow 
of  the  helix.  It  is  this  internal  vibration  which,  by  the  dis- 
continuity of  the  electric  current,  is  rendered  periodical  in 
two  opposite  directions,  that  determines  the  second  class  of 
sound. 

Let  us  now  pass  to  the  case  of  the  current  transmitted  by 
the  wire.  In  order  to  study  it,  I  substituted  for  the  mirror  the 
spherical  and  perfectly  polished  bulb  of  a  small  mercurial  ther- 
mometer. The  optical  axis  of  the  telescope,  passing  through 
the  intersection  of  the  crossed  wires,  was  directed  on  the  bril- 
liant image  of  a  luminous  point  reflected  very  obliquely  at  the 
upper  part  of  the  convexity.  This  arrangement  discovers  any 
change  in  form  of  the  wire,  even  in  the  direction  of  its  length. 
I  was  not  able  to  perceive  any  elongation  of  the  wire  under 
the  electric  action,  although  it  gave  a  very  distinct  sound.  I 
attribute  the  principal  cause  of  this  sound  to  the  polary  ar- 
rangement which  the  molecules  undergo  in  order  to  give  pass- 
age to  the  electricity.  This  arrangement  is  manifest  in  many 
cases,  and  I  have  elsewhere  pointed  out  a  very  great  number 
of  them*.  It  is  the  result  of  a  struggle  between  the  molecu- 
lar forces  which  constituted  the  primitive  state  of  equilibrium 
of  the  body  and  the  new  activity  which  the  dynamical  con- 
dition of  the  fluid  excites.  If  the  flow  of  the  latter  is  conti- 
nuous, this  struggle  is  instantaneous,  and  the  noise  which  it 
occasions  is  null  or  nearly  so ;  but  it  recommences  with  each 
closing  of  the  circuit  if  the  flow  is  periodical. 

It  is  already  known  from  the  experiments  of  M.  Peltier  f, 

*  Memoir  on  the  Electric  Diathermansie  of  Voltaic  Pairs :  Archives  dc 
P  Electricitc,  vol.  i.  page  74. 

t  Comptes  Rendus  des  Seances  de  V Acad,  des  Sciences  de  Paris,  Jan.  6th, 
1845. 
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and  of  various  scientific  men,  that  the  prolonged  passage  of 
the  electricity  by  metallic  wires  alters  essentially  their  tena- 
city. It  seemed  to  me  very  probable  that  the  elasticity  of  wires 
subjected  for  some  time  to  the  intermittence  of  currents  which 
renders  them  sonorous,  must  be  altered  in  a  permanent  man- 
ner. 

Since  the  experiments  just  mentioned  were  made,  M.  Wer- 
theim  has  published  •  a  very  interesting  note,  in  which  he  de- 
scribes a  process  of  observation  analogous  to  mine,  although 
less  delicate,  and  indicates  the  causes  to  which  he  attributes 
the  sounds  produced.  Although  I  agree  with  him  on  most 
points,  I  differ  from  him  both  as  to  what  relates  to  the  attrac- 
tion exerted  from  the  two  sides  of  the  centre  of  the  helix,  an 
attraction  which  he  does  not  mention,  and  in  the  explanation  of 
the  case  in  which  the  wire  is  directly  traversed  by  the  disconti- 
nuous current.  The  skilful  experimentalist  whom  I  have  just 
named  attributes  the  sound  produced  to  the  heat  engendered 
by  the  current.  Nevertheless  my  wire  indicated  no  percep- 
tible heat.  It  results  from  the  experiments  of  M.  de  la  Rive 
and  my  own,  that  the  sonorous  state  continues  with  more  than 
600  interruptions  a  second.  How  shall  we  admit  that  the  ele- 
vation of  temperature  and  the  diminution  of  elasticity  which 
accompany  it  can  disappear  in  ^^th  of  a  second?  The  cur- 
rent of  a  pile  of  eleven  pairs  certainly  does  not  alter  the  ther- 
mical  state  of  a  bar  of  a  centimetre  square  in  section,  as  I 
have  directly  established  f :  nevertheless,  if  it  is  discontinuous, 
it  renders  it  sonorous.  I  may  add,  finally,  that  this  heating 
does  not  take  place  when  the  reel  is  employed,  as  any  one 
may  convince  himself  by  placing  a  bismuth  and  iron  pair  in 
its  hollow,  connected  with  a  very  delicate  rheometer.  Never- 
theless the  sonorous  property  may  be  the  same  as  with  the 
wire  directly  subjected  to  the  current. 

Lausanne,  March  16,  1846. 


LXXXIV.  An  Account  of  various  Substances  found  in  the 
Guano  Deposits  and  in  their  Vicinity.  By  E.  F.  Tesche- 
macher, Esq.% 

REPORTS  having  been  circulated  that  large  quantities  of 
saltpetre  (nitrate  of  potash  and  nitrate  of  soda)  were  to 
be  found  of  a  very  good  quality  in  the  neighbourhood  of  the 
guano  deposits  on  the  coast  of  Africa,  numerous  vessels  were 

*  Comptes  Rendus,  Feb.  23,  1846. 

f  Phil.  Mag.,  Oct.  1843;  Archives  de  I'JElectricile,  vol.  ii.  page  601. 
I  Communicated  by  the  Chemical  Society  •  having  been  read  December 
1,  1845. 


found  in  the  Guano  Deposits  and  in  their  Vicinity.    547 

despatched  both  from  London  and  Liverpool  in  search  of 
those  valuable  substances,  particularly  as  it  was  considered 
they  might  be  obtained  upon  the  same  terms  as  Ichaboe  guano, 
namely,  for  nothing  but  the  labour  and  expense  of  fetching. 
No  favourable  accounts  however  have  as  yet  been  received 
as  to  the  success  of  these  undertakings.  The  evidence  of 
such  deposits  existing  there  at  all  was  very  unsatisfactory ; 
the  circumstance  much  relied  upon  was  the  existence  of  large 
beds  of  nitrate  of  soda  in  the  neighbourhood  of  the  coast  of 
South  America,  and  large  deposits  of  guano  similar  in  many 
respects  to  the  deposits  of  guano  on  the  African  coast :  there 
was  certainly  an  abundance  of  animal  matter  and  ammoniacal 
salts  to  furnish  the  nitric  acid,  and  a  temperature  high  enough 
to  effect  the  decomposition,  but  the  source  from  whence  the 
alkaline  bases  of  potash  and  soda  were  to  be  derived  was 
not  very  evident.  The  principal  source  of  saltpetre  in  the 
East  Indies  is  from  numerous  districts  of  nitrous  earth  found 
on  the  surface  of  the  soil,  which  being  compounds  of  lime 
and  magnesia  with  nitric  acid,  they  are  dissolved  out,  and  the 
saltpetre  subsequently  formed  by  the  decomposition  of  these 
nitrous  compounds  by  potash  salts.  The  nitrate  of  soda  salt- 
petre beds  in  the  Province  of  Tarapaca  near  Iquiqua  on  the 
coast  of  South  America,  are  the  only  instances  known  of  the 
occurrence  of  saltpetre  ready-formed  in  extensive  beds,  but 
even  this  deposit  contains  the  salt  in  a  state  of  great  impurity. 

These  explorations,  however,  on  the  African  coast  have 
brought  to  light  various  other  substances  which  have  been 
found  there,  the  details  of  which  are  more  particularly  the  ob- 
ject of  this  communication. 

The  substances  which  I  shall  now  describe  are  found  in  the 
guano  beds,  or  in  their  vicinity,  either  in  a  crystalline  state, 
or  in  distinct  masses.  The  first  substance  is  a  crystalline  salt, 
perfectly  transparent,  with  a  cleavage  and  brilliant  faces  in 
one  direction  only  ;  it  gives  a  yellow  precipitate  with  nitrate 
of  silver  ;  gives  off  ammonia  upon  application  of  caustic  pot- 
ash, and  when  heated  to  redness  loses  about  50  per  cent,  of 
water  and  ammonia ;  I  consider  it  therefore  to  be  phosphate  of 
ammonia.  The  portion  of  salt  I  examined  consisted  only  of  a 
few  grains,  and  was  consequently  too  small  a  quantity  to  ana- 
lyse with  exactness. 

The  next  substance  was  also  a  crystalline  salt  a  little  mixed 
with  guano  in  its  cavities ;  it  possessed  a  cleavage  with  bril- 
liant planes  in  two  directions:  upon  examination  with  the  re- 
flecting goniometer,  it  gave  112°  as  the  measurement  of  the 
angle  formed  by  the  meeting  of  the  adjacent  planes.  Upon 
analysis  I  found  it  to  consist  of — 
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21*0  parts  of  Ammonia. 
55*50      ...      Carbonic  acid. 
23-50      ...      "Water. 


100-00 
being  nearly  equivalent  to  1  atom  of  ammonia,  2  atoms  of 
carbonic  acid,  and  2  atoms  of  water. 

Formula  NHa  +  2COa  +  2HO, 
and  is  consequently  a  bicarbonate  of  ammonia. 

The  third  substance  was  found  at  Saldanha  Bay  on  the 
coast  of  Africa,  imbedded  in  patches  in  the  mass  of  guano. 
It  is  found  in  distinct  crystals  with  numerous  modifications, 
many  of  the  planes  possessing  sufficient  brilliancy  to  enable 
me  to  measure  the  angles  by  the  reflecting  goniometer.  I 
have  given  the  measurements  of  one  crystal,  from  which  it 
appears  the  primary  form  is  the  right  rhombic  prism  of 
57°  30'  and  122°  30' :  it  has  a  cleavage  parallel  to  plane  M*. 
Upon  analysis  I  find  this  substance  to  be  composed  of — 

14*30  parts  of  Ammonia. 
17*00       ...        Magnesia. 
30*40       ...       Phosphoric  acid. 
38*10        ...       Water. 


99*80 

which  is  nearly  equivalent,  to  1  atom  ammonia,  1  atom  mag- 
nesia, 1  atom  phosphoric  acid,  5  atoms  water. 

Formula  NHS,  MgO,  P05  +  5HO. 
It  is  therefore  the  ammonio-magnesian  phosphate.  The  spe- 
cific gravity  is  1'65,  hardness  2;  it  falls  to  powder  before  the 
blowpipe,  giving  off  water  and  ammonia.  It  occurs  white, 
translucent,  sometimes  coloured  brown  by  the  guano;  it  rea- 
dily dissolves  in  weak  acids. 

This  substance  is  clearly  derived  from  the  guano ;  but 
being  insoluble  in  water,  it  must  have  been  held  in  solution  by 
some  of  the  organic  acids  of  the  guano,  and  deposited  there- 
from in  large  crystals,  as  they  are  found,  but  disseminated  in 
patches  only  of  the  guano,  in  various  parts  of  the  beds. 

This  substance  not  having  been  found  before  in  a  native 
state,  but  hitherto  only  known  as  one  of  the  artificial  pro- 
ducts of  the  laboratory,  must  be  considered  as  a  new  mineral 
body;  I  therefore  propose  to  give  it  the  mineralogical  name 
of  Guanite,  this  name  being  derived  from  the  circumstances 
and  locality  of  its  formation. 

The  source  from  which  the  first  two  substances,  namely, 
the  phosphate  of  ammonia  and  the  bicarbonate  of  ammonia, 

*  See  the  angular  measurements  subjoined. 
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are  derived,  is  clearly  the  percolation  of  water  through  the 
guano  beds  dissolving  out  these  salts,  which  running  into  lower 
situations  may  be  detained  in  lagoons  and  hollows  of  rocks, 
where  being  subject  to  the  high  temperature  of  the  climate 
they  would  be  evaporated  down,  leaving  these  salts  in  the 
crystalline  state  described.  As  guano  contains  abundance  of 
these  two  salts,  it  is  possible  there  may  exist  considerable 
masses  of  them  ;  should  this  be  the  case,  it  is  evident  that  to 
the  chemist  in  particular  it  would  be  of  great  interest  as  an 
additional  source  of  these  valuable  salts. 

The  chance  of  finding  any  considerable  quantity  of  guanite 
in  the  state  of  crystals  is  not  great,  but  as  it  forms  one  of 
the  ingredients  of  guano  it  is  a  substance  of  some  import- 
ance. The  application  of  it  as  a  manure  in  combination  with 
other  ingredients  is  likely  to  be  highly  beneficial,  it  being  a 
compound  containing  two  important  substances  in  an  insoluble 
state,  namely,  ammonia  and  phosphoric  acid ;  these  may  be 
taken  up  by  plants  only  as  they  may  be  required,  and  not  be 
liable  to  be  dissolved  out  of  the  soil  or  evaporated  like  other 
ammoniacal  salts. 

The  last  substance  which  I  shall  describe  was  also  found 
imbedded  in  the  guano  from  Saldanha  Bay ;  it  consists  of 
small  globular  particles  composed  of  concentric  lamina?  slightly 
adhering  together,  of  a  yellowish  white  colour,  containing  in 
places  portions  of  a  similar  nature,  which  on  fracture  have  ap- 
pearances of  an  organic  structure  like  bone,  but  on  examina- 
tion by  the  microscope  proved  to  be  portions  of  shells  resem- 
bling Nummulites.  On  analysis  I  found  the  substance  to  be 
composed  of — 

37*50  parts  Carbonate  of  lime. 

32*50     ...     Carbonate  of  magnesia. 

12*00     ...     Phosphate  of  lime. 

12*00     ...     Water  with  a  little  ammonia  and  animal 
matter. 
3*00     ...     Sand. 
2*50     ...     Alkaline  sulphates  and  chlorides. 

99*50 
There  does  not  appear  to  be  any  great  quantity  of  this  sub- 
stance. How  it  has  been  formed  it  is  difficult  to  imagine ; 
the  composition  is  so  very  different  either  from  that  of  bones 
or  shells,  particularly  in  regard  to  the  large  quantity  of  car- 
bonate of  magnesia  which  it  contains.  It  is  however  probable 
that  both  bones  and  shells  form  the  base  of  this  substance, 
and  that  partial  decomposition  having  taken  place,  the  mag- 
nesia may  have  subsequently  entered  into  combination  with 
the  carbonate  and  phosphate  of  lime. 
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LXXXV.  Notes  on  the  Preparation  of  Alloxan. 
By  William  Gregory,  M.D.,  F.R.S.E* 

TN  an  interesting  and  able  paper  on  alloxan  and  its  de- 
■*•  rivatives,  the  first  part  of  which  appears  in  Liebig's  An- 
nalen  for  September  1845,  Schlieper  enters  into  minute  details 
concerningthe  mostadvantageous  method  of  preparing  alloxan, 
and  after  describing  the  results  which  he  obtained  on  repeat- 
ing the  process  given  by  me,  proposes  a  new  method  of  his 
own,  which  he  considers  in  every  way  preferable,  as  yielding, 
with  greater  facility  and  certainty,  a  larger  proportion  of  al- 
loxan. Professor  Liebig  in  his  Lectures  (Lancet  1845)  also 
recommends  Schlieper's  method  as  the  best  in  every  respect. 

I  am  still,  notwithstanding,  inclined  to  give  a  decided  pre- 
ference to  my  own  process,  when  carefully  performed,  and 
that  on  the  grounds  of  its  superior  simplicity,  facility  and  pro- 
ductiveness. A  brief  comparison  of  the  two  methods,  with 
their  results,  will  enable  the  reader  to  judge  for  himself. 

I  must  first  of  all,  however,  observe,  that  Schlieper,  in  re- 
peating my  process,  has  not  obtained  results  so  favourable  as 
I  had  formerly  announced  ;  so  that,  in  his  hands,  his  own  me- 
thod has  been  the  more  productive.  I  formerly  obtained  from 
100  parts  of  uric  acid  90  of  crystallized  (hydraled)  alloxan, 
perfectly  pure,  not  reckoning  the  portion  of  alloxan  remain- 
ing in  the  mother-liquids.  Schlieper,  on  the  other  hand,  from 
15  ounces  of  uric  acid,  treated  by  my  process,  obtained,  in- 
cluding the  contents  of  the  mother-liquids,  8  ounces  hyd rated 
alloxan,  If  ounce  alloxantine  (=  2}  ounces  alloxan),  and 
f-  ounce  parabanic  acid  ;  in  all  equivalent  to  about  11  £  ounces 
of  alloxan.  This  only  amounts  to  75  per  cent. ;  whereas  I 
obtained  90  per  cent.,  exclusive  of  the  mother-liquids,  which 
I  find  on  an  average  to  yield  fully  one-tenth  more;  in  all, 
therefore,  at  least  100  per  cent.    I  may  here  state  that  I  have 

*  Communicated  by  the  Chemical  Society;  having  been  read  December 
15,  1845. 
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never  failed  to  obtain  this  as  an  average  result  since  my  pro- 
cess was  published,  although  I  have  very  often  repeated  the 
process.  Several  of  my  pupils  have  been  equally  successful. 
I  shall  now,  therefore,  describe  the  process  as  I  have  for  some 
time  pursued  it,  and  its  simplicity  will,  I  trust,  be  evident. 

In  my  original  account  of  this  process,  I  recommended  the 
use  of  nitric  acid  of  sp.  gr.  1*3  to  1*35,  and  it  was  with  such 
acid,  as  I  believed,  that  my  results  were  obtained.  But  as 
Schlieper  found  it  impossible  to  succeed  with  acid  of  less 
sp.  gr.  than  1*4  to  1*42,  I  suspect  that  I  may  have  been  mis- 
taken as  to  the  sp.  gr.  of  my  acid.  This  I  cannot  now  ascer- 
tain; but  it  is  rendered  probable  by  the  circumstance  that,  in 
the  experiments  about  to  be  mentioned,  I  found  an  acid  of 
1*412  to  answer  my  purpose  perfectly,  with  the  same  appear- 
ances as  I  had  formerly  observed. 

Schlieper  having  corrected  this  error  proceeds  to  describe 
my  process,  as  performed  by  him,  with  great  accuracy  and 
minuteness,  and  his  description  of  the  phaenomena  entirely 
agrees  with  my  experience.  J  can  only  account  for  his  not 
obtaining  such  favourable  results  as  I  have  always  done,  to  the 
circumstance  of  his  acid  being  a  little  too  concentrated.  How- 
ever this  may  be,  on  reading  his  paper  I  proceeded  to  repeat 
my  process,  and  obtained  the  results  to  be  hereafter  stated. 

The  following  is  the  process  I  now  follow : — 2  or  1\  fluid 
ounces  of  colourless  nitric  acid,  sp.  gr.  1*412,  are  placed  in  a 
flat-bottomed  dish  or  beaker  glass,  and  as  much  uric  acid  is 
introduced  as  will  lie  on  the  point  of  a  small  spatula.  This  is 
well-stirred  in  to  prevent  the  formation  of  lumps,  and  in  a  few 
minutes  effervescence  commences,  the  liquid  becomes  slightly 
warm,  and  the  powder  dissolves.  More  uric  acid  is  now 
added,  taking  care  never  to  exceed  a  certain  small  quantity, 
and  not  to  allow  the  liquid  to  become  warm  beyond  a  certain 
degree,  which  is  easily  judged  of  by  laying  the  dish  on  the 
hand.  If  too  hot  when  uric  acid  is  added,  or  if  too  much  acid 
be  added  at  once,  the  uniform  steady  effervescence  is  changed 
into  a  violent  and  tumultuous  action,  after  which  no  alloxan 
can  be  obtained.  It  is  proper  to  have  a  plate  with  cold  water 
at  hand,  in  which  to  place  the  dish  or  glass  if  it  should  seem 
likely  to  become  too  warm.  But  a  little  practice  enables  us 
to  regulate  the  operation  so  that  no  external  cooling  is  re- 
quired. 

After  several  portions  of  uric  acid  have  been  added,  crystals 
of  alloxan  begin  to  appear  in  the  warm  liquid,  but  the  addi- 
tion of  uric  acid  is  to  be  continued,  with  the  same  precautions, 
till  so  much  alloxan  has  been  formed,  that  on  cooling  the 
whole  becomes  nearly  semisolid.    When  this  point  is  reached 
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the  liquid  has  become  somewhat  viscid,  and  this,  along  with 
the  presence  of  the  crystalline  deposit  of  alloxan,  gives  a  pecu- 
liar character  to  the  effervescence  toward  the  end  of  the  ope- 
ration. I  commonly  find  that  with  2|  fluid  ounces  of  nitric 
acid  the  point  above  alluded  to  is  reached  when  about  1200 
grains  of  uric  acid  dried  at  212°  have  been  dissolved.  It  does 
not  answer  to  operate  on  a  much  larger  scale ;  it  is  better  to 
use  several  dishes  at  once,  each  containing  2-  or  at  the  most 
3  fluid  ounces  of  acid.  For  every  500  grains  of  uric  acid 
1  fluid  ounce  of  nitric  acid  may  be  allowed. 

The  whole  is  now  allowed  to  stand  all  night  in  a  cool  place, 
and  next  day  the  alloxan  is  collected  on  a  funnel  with  the  aid 
of  a  little  asbestus.  The  mother-liquid  drains  off,  and  the 
last  portions  of  it  are  cautiously  displaced  by  ice-cold  water, 
till  the  droppings  are  found  to  have  only  a  moderately  strong 
acid  taste.  The  alloxan  on  the  funnel,  which  is  anhydrous, 
is  then  digested  with  just  as  much  water  at  140°  or  150°  F.  as 
will  dissolve  it.  The  solution  is  filtered,  and  on  cooling  de- 
posits a  large  crop  of  crystals  of  hydrated  alloxan.  [Should 
too  much  water  have  been  added,  the  filtered  liquid  must  be 
evaporated  at  from  120°  to  140°  F.,  till  on  cooling  it  crystal- 
lizes abundantly.]  The  mother-liquid  of  these  crystals,  eva- 
porated at  the  same  temperature,  yields  a  second  crop.  The 
mother-liquor  of  this  is  added  to  the  acid  mother-liquor  previ- 
ously drained  off,  and  the  whole  liquid  treated,  after  the  addi- 
tion of  two  or  three  times  its  bulk  of  water,  with  sulphuretted 
hydrogen,  till  the  alloxan  present  is  reduced  to  the  state  of 
alloxantine.  As  a  part  is  always  reduced  still  further  to  dia- 
luric  acid,  the  liquid  must  be  exposed  to  the  air  for  a  day  or 
two,  or  until  it  deposits  no  more  crystals.  The  alloxantine  is 
purified  by  solution  in  boiling  water,  filtration  to  separate 
sulphur,  and  crystallization ;  and  when  dry  three  parts  of  it 
correspond  to  rather  more  than  four  of  hydrated  alloxan.  If 
required,  it  may  very  easily  be  converted  into  alloxan;  as 
Schlieper  has  described  this  process  I  need  not  repeat  it  here. 

The  mother-liquid  of  the  alloxantine  generally  yields  some 
parabanic  acid ;  but  very  little  if  the  process  has  been  care- 
fully performed. 

I  think  it  will  be  admitted  that  the  above  process  is  suffi- 
ciently simple.  It  will  be  observed  that  I  no  longer  recom- 
mend the  separation  of  the  alloxan  formed  from  the  nitric 
acid  in  several  successive  portions,  but  that  there  is  only  one 
operation  for  all,  in  which  the  alloxan  is  collected  on  a  funnel 
with  asbestus.  I  used  sometimes  to  divide  the  process  into 
five  successive  operations,  and  generally  made  three  of  them  : 
but  I  am  now  convinced  that  it  is  best  to  dissolve  in  the  nitric 
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acid  the  whole  of  the  uric  acid  that  is  to  be  dissolved  before 
collecting  the  alloxan: 

Let  us  now  consider  the  productiveness  of  this  method.  I 
have  already  stated  my  average  of  former  results  to  have  been 
90  per  cent,  of  crystallized  alloxan,  exclusive  of  the  mother- 
liquid,  which  corresponded  to  one-tenth  more.  As  the  pro- 
cess now  stands  we  have — 1.  The  first  crop  of  crystals  of  al- 
loxan, varying  with  the  proportion  of  water  used  to  dissolve 
the  anhydrous  alloxan.  2.  The  second  crop  of  the  same  cry- 
stals. 3.  The  alloxantine  from  the  mother-liquid  converted 
into  alloxan,  or  calculated  in  that  form.  I  take  no  account 
of  the  parabanic  acid. 

Experiment  1. — Uric  acid  2600  grains ;  alloxan,  first  crop, 
1950  grains,  second  crop,  550  grains  ;  alloxantine,  200  grains, 
equivalent  to  alloxan,  290  grains.  In  all,  therefore,  from  2600 
grains  of  uric  acid,  2790  grains  of  hydrated  alloxan,  or  107 
per  cent,  nearly. 

Experiment  2. — Uric  acid,  11 30  grains;  alloxan,  first  crop, 
800  grains,  second  crop,  140  grains;  alloxantine,  80  grains, 
equivalent  to  alloxan,  116  grains.  In  all,  therefore,  1056grs. 
of  alloxan  from  1 1 30  of  uric  acid,  or  93  per  cent. 

Experiment  3. — Uric  acid,  1500  grains  ;  alloxan,  first  crop, 
1150 grains,  second  crop,  270 grains;  alloxantine,  120  grains, 
equivalent  to  alloxan,  174  grains.  In  all,  therefore,  from 
1500  grains  of  uric  acid,  1594  grains  of  alloxan,  or  106  per 
cent. 

The  above  results,  averaging  102  per  cent,  of  pure  hydrated 
alloxan,  were  obtained  without  difficulty.  Indeed  the  only 
delicate  point  in  the  process  is  the  attention  necessary  to  avoid 
too  great  a  rise  in  temperature,  alloxan  being  decomposed  by 
heat  even  when  simply  dissolved  in  water,  but  still  more  when 
acid  is  present.  A  little  experience  however  makes  this  quite 
easy ;  and  besides,  this  difficulty  attaches  equally  to  Schlieper's 
new  method,  as  we  shall  see. 

The  formula  of  uric  acid  being  Ci0  N4  H4  Og,  while  that 
of  hydrated  alloxan  is  C8  N2  H4  O10-f6  aq,  it  is  obvious  that 
100  parts  of  uric  acid  can  produce  about  128  of  alloxan.  It 
is  not  likely  that  we  shall  ever  obtain  the  full  proportion  with- 
out loss,  but  I  consider  my  process,  simple  as  it  is,  to  furnish 
a  very  satisfactory  approximation,  considering  the  impossibi- 
lity of  separating  the  whole  alloxan  from  the  acid  liquid  in 
which  it  is  formed. 

If  we  now  refer  to  Schlieper's  account  of  his  new  method, 

we  find  that  it  includes  the  following  operations: — 1.  The 

uric  acid  is  acted  on  by  hydrochloric  acid  and  chlorate  of 

potash,  care  being  necessary,  as  in  my  process,  to  keep  the 
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temperature  below  a  certain  point.  2.  The  'whole  of  the  al- 
loxan is  reduced  by  sulphuretted  hydrogen  to  the  state  of 
alloxantine.  3.  The  alloxantine  is  reoxidized  by  nitric  acid, 
and  thus  reconverted  into  alloxan.  I  cannot  admit  that  this 
process  is  either  more  simple  or  more  easy  than  my  own.  On 
the  contrary,  as  I  obtain  nine-tenths  of  the  whole  alloxan,  or 
90  parts  from  100  of  uric  acid  directly  as  alloxan,  and  pure, 
in  the  first  crystallizations,  while  Schlieper  first  converts  all 
his  alloxan  into  alloxantine,  and  then  reconverts  the  alloxan- 
tine into  alloxan ;  and  further,  as  I  use  no  other  reagent  but 
nitric  acid  in  preparing  these  nine-tenths,  the  advantage  of 
simplicity  and  facility  is  entirely  on  my  side. 

From  4  ounces  of  uric  acid,  Schlieper  obtains  by  his  own 
process  2  ounces  7  drachms  and  20  grains  of  alloxantine, 
equivalent  theoretically  to  3  ounces  and  7  drachms  of  alloxan, 
or  nearly  97  per  cent.  But  in  reconverting  this  alloxantine 
into  alloxan  by  nitric  acid,  it  will  be  found  impossible  to  ob- 
tain, practically,  the  whole  alloxan,  since  some  of  it  must  re- 
main in  the  mother-liquid ;  and  moreover,  in  the  process  of 
oxidation  by  heating  with  nitric  acid  some  alloxan  is  very 
likely  to  be  converted  into  parabanic  acid,  and  thus  lost. 
Judging  from  experience,  I  should  not  expect  the  97  per  cent, 
of  alloxan  obtained  in  theory  to  yield,  in  crystals,  more  than 
90  per  cent. 

As  far  as  productiveness,  therefore,  is  concerned,  I  may 
claim  also  a  superiority  for  my  method.  It  is  true  that  it  has 
not  succeeded  so  well  in  the  hands  of  Schlieper,  but  this  must 
I  think  be  attributed  to  accidental  causes,  and  possibly  to  a 
want  of  perfect  familiarity  with  the  method  on  the  part  of 
Schlieper,  who  seems  to  be  so  good  an  operator,  that  I  cannot 
doubt  that  he  would,  after  a  little  practice,  obtain  the  same 
results  as  I  have  always  succeeded  in  obtaining. 

Finally,  I  beg  to  remind  those  who  may  wish  to  try  my 
process,  that  what  Schlieper  describes  as  a  modification  of  my 
process  is  the  process  itself,  unmodified ;  because  the  only 
change  introduced  by  Schlieper  consists  in  the  use  of  acid  at 
1*4  or  1'42  instead  of  1*3  or  1*35,  as  erroneously  recommended 
in  my  original  process.  In  point  of  fact,  the  acid  which  1 
have  long  used  for  the  purpose  has  the  sp.  gr.  1*412,  and  for 
this  number  1*3  or  1*35  was  accidentally  substituted  in  writing 
or  printing  my  former  notice.  In  common  with  all  chemists 
I  am  much  indebted  to  M.  Schlieper  for  pointing  out  this 
oversight. 
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ON  CHLOROAZOTIC  ACID. 

M  BAUDRIMONT  remarks,  that  Mr.  Edmund  Davy  published 
•  his  researches  on  aqua  regia  in  1831,  and  concluded  from 
them,  that  what  he  terms  chloronitrous  acid  is  composed  of  equal 
volumes  of  chlorine  and  nitric  oxide  gases,  which  combine  without 
alteration  of  volume. 

According  to  M.  Baudrimont,  the  presence  of  [uncombined] 
chlorine  in  the  product  obtained  by  Mr.  Davy  prevented  the  product 
from  being  properly  examined,  and  he  therefore  undertook  fresh  re- 
searches on  the  subject. 

In  order  to  prepare  the  active  product  [chloroazotic  acid]  of  aqua 
regia,  M.  Baudrimont  mixed  three  parts,  by  weight,  of  nitric  acid, 
of  specific  gravity  about  1'3 14,  with  five  parts  of  hydrochloric  acid, 
of  specific  gravity  1*156;  this  mixture  yields  a  colourless  liquid, 
which  after  an  uncertain  time  becomes  red,  according  to  the  tempe- 
rature of  the  air  and  the  intensity  of  the  light  to  which  it  is  exposed. 
If,  however,  the  mixture  be  heated,  it  becomes  red  at  about  187° 
Fahr.,  and  yields  vapour  of  the  same  colour ;  the  temperature  gra- 
dually increases  to  nearly  230°  Fahr.,  and  then  remains  so  invariably 
during  the  whole  time  of  the  operation. 

If  the  product  of  the  distillation  be  received  in  a  vessel  properly 
cooled,  a  red  liquid  is  obtained ;  but  if  the  neck  of  the  retort  be 
simply  passed  into  a  receiver,  a  red  vapour  is  formed  which  does 
not  condense,  and  a  colourless  liquid  is  condensed. 

This  experiment  shows  that  this  distillation  yields  two  distinct 
products — a  red  vapour  which  is  very  volatile,  and  a  colourless  pro- 
duct which  is  more  fixed.  It  shows  also  that  the  temperature  of 
230°  Fahr.  does  not  indicate  a  boiling-point,  but  a  fixed  point  of 
decomposition.  By  adopting  the  requisite  arrangements,  the  red 
vapour  may  be  condensed  in  tubes  in  the  state  of  a  red  liquid,  which 
boils  at  a  very  low  temperature ;  it  can  be  preserved  only  in  tubes 
hermetically  sealed.  This  is  what  the  author  terms  chloroazotic 
acid  ;  the  properties  of  which  are  as  follows  : — 

At  a  sufficiently  low  temperature  it  is  a  red  limpid  liquid,  sur- 
mounted with  vapour  of  the  same  colour  ;  its  boiling-point  is  about 
20°  Fahr. ;  from  this  it  follows  that  it  is  gaseous  at  ordinaiy  tem- 
peratures. In  the  state  of  gas  it  is  red,  and  possesses  a  suffocating 
odour,  analogous  to  that  of  chlorine,  but  still  differs  considerably 
from  it. 

The  extreme  volatility  of  chloroazotic  acid  presented  almost  in- 
surmountable difficulties  to  the  determination  of  its  principal  pro- 
perties. 

The  elements  of  chloroazotic  acid  reduced  to  volumes,  and  the 
volumes  multiplied  by  the  corresponding  specific  gravities,  give  the 
following  results : — 

2  P2 
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N  or  2  volumes      2x0-9727  =  1-9440 

O3  or  3        3x1-1057=3-3171 

CI*  or  4        4x2-4216=9-6864 

9  elementary  volumes  give    ....    14*9475 

One  experiment  on  the  specific  gravity  of  chloroazotic  acid  gave 
2*49,  and  another  2*45,  and  lead  to  the  same  result, — 

fiHBB  =  2-49. 
6 

Thus  the  9  volumes  of  elementary  gases  which  form  chloroazotic 
acid  are  condensed  into  6  volumes,  and  one  volume  of  the  acid  con- 
tains ird  volume  of  nitrogen,  i  of  oxygen,  and  -rds  of  chlorine.  The 
specific  gravity  of  the  liquid  acid  was  found  to  be  1*367  7. 

Chloroazotic  acid  consists  of — 

Nitrogen    . .      12*6  or  1  eq. 

Oxygen 22*4  ...  3  ... 

Chlorine....      65*0  ...  2  ... 


100* 


The  extreme  volatility  of  chloroazotic  acid  renders  the  examina- 
tion of  its  chemical  reaction  extremely  difficult,  and  it  can  be  effected 
only  at  very  low  temperatures. 

With  phosphorus,  the  acid  enters  into  ebullition,  and  disappears 
without  acting  sensibly  upon  it ;  arsenic  in  powder  is  acted  upon, 
and  yields  a  white  product ;  silver  in  powder  occasions  deflagration, 
and  the  liquid  disappears ;  gold  is  rapidly  dissolved,  but  platina  is 
acted  upon  with  more  difficulty ;  alcohol  yields  an  aithereal  odour, 
analogous  to  that  of  nitric  aether. 

Chloroazotic  acid  in  the  gaseous  state  appears  to  have  no  action 
on  phosphorus  at  ordinary  temperatures ;  the  latter  may  be  even  li- 
quefied by  heat,  without  producing  any  more  apparent  action. 

Pulverized  arsenic  and  antimony  burn  vividly  in  the  gas  ;  bismuth 
is  immediately  attacked,  yielding  white  vapours,  but  unaccompanied 
with  light ;  potassium  is  slowly  acted  upon  at  common  temperatures, 
but  the  reaction  is  violent  when  heated  to  its  fusing-point ;  there 
occurs  sudden  increase  of  temperature,  accompanied  with  vivid  light ; 
gold  is  acted  upon,  and  a  plate  of  copper,  heated  to  dull  redness, 
burns  very  vividly ;  tin  heated  nearly  to  its  melting-point,  does  not 
appear  to  be  immediately  attacked,  but  in  a  little  time  it  is  tarnished 
and  rendered  white ;  mercury  is  immediately  acted  upon  ;  one-half 
of  the  gas  disappears,  and  the  remainder  is  nitric  oxide,  entirely 
absorbable  by  solution  of  protosulphate  of  iron. — Ann.  de  Ch.  et  de 
Phys.,  Mai  1846. 
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NOTICES  OF  NEAV  LOCALITIES  OF  RARE  MINERALS,  AND  REASONS 
FOR  UNITING  SEVERAL  SUPPOSED  DISTINCT  SPECIES.  BY 
FRANCIS  ALGER,  MEMBER  OF  THE  BOSTON  SOCIETY  OF  NATU- 
RAL HISTORY*. 

Phacolite  from  New  York. 

This  rare  mineral,  which  comes  to  us  principally  from  Bohemia 
and  Ireland,  I  have  discovered  among  a  suite  of  specimens  of  various 
kinds  found  on  New  York  Island,  near  Harlem,  by  Messrs.  Mathews 
and  Johnson,  of  New  York  city.  The  specimens,  which  eventually 
proved  to  he  this  mineral,  were  labelled  stilbite ;  but  their  appear- 
ance was  so  peculiar,  that  I  questioned  at  the  time  whether  they 
had  been  correctly  designated,  and  determined  to  examine  them 
carefully  at  my  earliest  convenience.  I  have  since  received  two 
other  specimens,  better  characterized  than  the  first,  from  Mr. 
Johnson.  The  crystals  are  in  a  geode  form,  implanted  on  calcareous 
spar,  and  associated  with  silver-coloured  mica  and  a  few  scales  of 
oligisto-magnetic  iron  ore.  They  are  of  a  wax  or  honey-yellow  co- 
lour, have  a  waxy  lustre,  and  the  smallest  individuals  are  translucent. 
They  are  brittle,  breaking  with  an  uneven  fracture,  have  none  of  the 
foliated  structure  of  stilbite,  and  afford  no  indications  of  cleavage. 
Hardness  superior  to  that  of  stilbite,  and  equal  to  that  of  chabasite. 
Their  surfaces  are  roughened  or  pitted,  so  as  to  reflect  no  image  by 
which  they  could  be  subjected  to  measurement  by  the  goniometer. 
Before  the  blowpipe,  a  fragment  of  the  mineral  swells  and  intumesces 
slightly,  like  the  Bohemian  and  Ferroe  chabasite,  and  fuses  into  an 
opaline,  blebby  bead ;  at  the  moment  of  ignition,  in  the  outer  flame, 
it  gives  out  a  beautiful  green  phosphorescence,  which  I  have  also 
noticed,  in  a  less  degree,  in  the  phacolite  from  Ireland.  It  is  soluble 
in  hydrochloric  acid.  The  crystals,  at  first  sight,  appear  to  be 
rounded,  and  to  have  no  determinate  form ,-  but,  on  closer  examina- 
tion, some  of  the  smaller  and  more  isolated  ones  are  found  to  be 
nearly  perfect  double  six-sided  pyramids,  precisely  similar  to  the 
phacolite  from  Bohemia,  differing  from  it  only  in  colour  and  lustre. 
I  cannot  doubt  that,  like  that  mineral,  they  are  secondaries  to  a  pri- 
mary rhombohedron,  probably  of  the  same  measurements,  and  are 
also  identical  with  it  in  composition.  The  absence  of  well-defined 
cleavage  is  unfortunate,  but  this  is  a  defect  which  applies  equally  to 
the  foreign  mineral.  Nor  is  the  rhombohedral  cleavage  of  ordinary 
chabasite,  of  which  phacolite  is  by  many  supposed  to  be  only  a  va- 
riety, by  any  means  easily  determined ;  in  fact,  Sir  David  Brewster 
has  suggested,  from  optical  investigations,  whether  the  primary  form 
of  chabasite  be  not  a  prism. 

Is  Phacolite  a  variety  of  Chabasite,  or  distinct  from  it  ? 

Tamnau  of  Berlin,  in  his  very  complete  little  essay  on  Chabasites, 
has  given  very  good  reasons  for  uniting  the  two ;  while  Breithaupt 
has  maintained  them  to  be  distinct.     The  primary  rhombohedron  of 

*  From  the  Journal  of  the  Boston  Society  of  Natural  History. 
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phacolite,  according  to  Breithaupt,  is  P  on  P,  94°,  that  of  chabasite 
P  on  P,  94°  24'.  Phillips  makes  the  last  94°  46'.  The  analyses  of 
Anderson  and  Rammelsberg  would  seem  at  first  to  show  a  marked 
difference  in  their  composition,  a  difference  which  is  also  shown  by 
the  different  analyses  of  common  chabasite,  resulting  in  varieties 
having  different  formularic  expressions.  For  example,  acadiolite 
contains  three  per  cent,  more  of  silicic  acid  than  common  chabasite, 
and  is  a  tersilicate  of  lime  and  the  other  isomorphous  bases,  instead 
of  a  bisilicate  of  the  same  bases.  The  mineralogical  formula  of 
acadiolite  is  3A1  Si2  +  (Cal,  N,  K,)  Si3  +  6  Aq,  while  that  of  chaba- 
site is  3AlSi2  +  (Cal,  N,  K,)  Si2 +6  Aq.  Rammelsberg  is  inclined 
to  regard  phacolite  as  a  mixture  of  acadiolite  and  scolecite  (lime 
mesotype),  the  latter  containing  an  additional  atom  of  water*.  By 
uniting  the  atoms  of  both,  he  thus  states  the  chemical  formula  for 
phacolite  :  2RO  SiO3  +  2A1203  3Si3  O3  +  10HO.  As  the  analyses 
stand  (compare  Berzelius's  and  Thomson's  with  the  two  just  re- 
ferred to),  phacolite  differs  from  chabasite  in  containing  three  per 
cent,  less  of  silicic  acid,  and  three  atoms  less  of  water.  Now  it  is 
obvious  that  these  differences  are  insufficient  to  authorize  a  separa- 
tion of  the  two  minerals,  unless  there  be  a  want  of  agreement  in  cry- 
stallographical  and  other  characters,  greater  than  that  as  yet  pointed 
out.  An  equally  valid  reason  could  be  urged  for  the  separation  of 
acadiolite  from  chabasite,  on  the  ground  of  a  difference  in  their  com- 
position, had  not  the  examinations  of  Prof.  Gr.  Rose  proved  an  exact 
agreement  in  the  angles  of  their  primary  crystals.  So,  also,  of  levyne 
and  gmelinite,  which  are  now  admitted  to  be  only  varieties  of  cha- 
basite, their  occurring  forms  all  being  secondaries  to  the  same  pri- 
mary rhombohedron.  The  evidence  of  the  identity  of  any  two 
minerals  is  best  shown  by  the  incipient  or  intermediate  passages  of 
one  into  the  other,  in  the  same  specimen.  I  am  not  aware  that,  in 
the  case  of  the  Irish  or  Bohemian  phacolite,  such  evidence  has  been 
adduced ;  no  tendency  of  the  sort  is  shown  in  the  specimens  I  have 
examined  from  those  countries.  Now  one  of  my  specimens  from 
New  York  has  the  distinct  form  of  chabasite  (the  perfect  rhombo- 
hedron) and  of  phacolite  (perfect  double  six-sided  pyramids).  The 
first  form,  however,  is  rare ;  the  incipient  replacements  are  also 
shown  ;  but  these  crystals  have  not  the  full  perfection  of  waxy  lustre 
reflected  by  the  ultimate  form  of  phacolite, — a  singular  effect,  attri- 
butable, probably,  to  the  nature  of  the  solvent  in  which  the  molecules 
were  suspended. 

Approach  of  twin-crystals  to  the  Phacolite  form. 

These,  as  they  are  sometimes  presented,  would,  unless  carefully 
examined,  be  mistaken  for  the  true  form  of  phacolite.  The  most 
perfect  specimens  I  have  seen  are  from  Nova  Scotia.  They  consist 
of  two  rhombohedrons  united  in  the  usual  manner,  each  crystal 
turned  half  round,  but  having  their  superior  edges  and  lateral  angles 

*  See  First  Suppl.  to  his  Handworterbuch,  p.  112.  It  was  on  these 
grounds  that  Hoffmann  proposed  to  separate  acadiolite,  as  well  as  the  Gus- 
tafsberg  variety,  from  chabasite. — PoggendorfF's  /lnnalen,  xxv.  495. 
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deeply  replaced.  The  approach  to  the  form  of  phacolite  is  thus  pro- 
duced ;  the  edges  and  angles  not  standing  out  in  relief,  as  they  ordi- 
narily do  in  these  twin  forms.  The  stria?,  parallel  with  the  edges  of 
the  two  rhombohedrons,  so  intersect  as  to  show  the  compound  nature 
of  the  crystals.  Dr.  C.  T.  Jackson  has  a  fine  specimen  of  this  va- 
riety from  the  Two  Islands,  in  Nova  Scotia,  of  a  wine-yellow  colour ; 
I  have  another  pure  white,  from  the  same  place. 

Yttro-cerite. 

This  rare  mineral  is  found,  associated  with  brucite,  in  rolled  masses 
of  limestone,  in  the  town  of  Amity,  Orange  county,  New  York.  I 
have  as  yet  seen  but  two  specimens  of  it,  which  I  found  among 
some  fragments  of  limestone  containing  brucite  and  mica,  in  the 
duplicate  collections  belonging  to  the  late  Dr.  Horton  of  Edenville. 
It  attracted  my  attention  as  being  unlike  fluor  spar,  which  it  was 
supposed  to  be  at  the  time,  and  I  have  now  satisfied  myself  that  it 
is  yttro-cerite,  though  I  have  not  gone  so  far  as  to  detect  the  yttria, 
the  presence  of  which  in  the  mineral  cannot  be  indicated  by  mere 
blowpipe  experiments  alone.  It  has  no  crystalline  structure,  but  ap- 
pears in  thin  layers  or  seams,  which  sometimes  amount  to  scarcely 
anything  more  than  peach-blossom  or  purple  stains,  penetrating  the 
seams  of  the  limestone  :  precisely  the  character  of  this  mineral  in  the 
specimens  I  have  of  it  from  Finbo  in  Sweden.  With  this  it  also 
agrees  in  hardness  and  colour.  When  heated  in  a  glass  tube,  it 
slightly  decrepitates,  shows  no  phosphorescence,  gives  out  moisture, 
and  becomes  milk-white ;  at  the  same  time  there  is  a  perceptible 
burnt  smell.  When  its  powder,  moistened  with  sulphuric  acid,  is 
placed  in  a  platinum-crucible,  hydrofluoric  acid  is  given  out  by  the 
application  of  heat,  and  the  usual  reaction  on  glass  is  produced.  The 
pulverized  mineral,  heated  with  fused  salt  of  phosphorus  in  an  open 
glass  tube,  also  shows  the  same  reaction,  the  glass  losing  its  polish 
where  the  moisture  is  deposited.  In  these  experiments  I  was  care- 
ful to  separate  the  mineral  entirely  from  the  brucite ;  but  I  have  not 
been  able  to  obtain  fragments  sufficiently  free  from  carbonate  of  lime, 
to  enable  me  to  give  its  blowpipe  characters  in  detail,  or  subject  it 
to  any  other  trials.  I  hope  to  be  able  to  obtain  better  specimens  at 
an  early  day,  and  then  to  complete  its  examination.  The  mineral  is 
very  characteristic,  and,  in  the  hand  specimen,  cannot  be  distinguished 
from  the  Finbo  variety. 

Ottrelite  identical  with  Phyllite. 

The  name  of  phyllite,  from  (j>v\Xov,  a  leaf,  was  given  by  Dr. 
Thomson  to  a  mineral  which  was  discovered  and  sent  to  him  for 
analysis  by  Prof.  Nuttall.  It  comes  from  Sterling,  Massachusetts, 
and  is  disseminated  in  small  thin  plates  through  what  appears  to 
be  an  argillo-micaceous  slate.  Some  of  these  plates  are  angular  and 
others  rounded,  not  appearing  to  have  any  regular  crystalline  form  ; 
yet  in  a  few  instances  they  present  the  distinct  form  of  rhomboidal 
tables.  Colour  brownish-black,  or  grayish-black  :  lustre,  shining  and 
semi-metallic ;  opake;  fracture  uneven.     The  knife  makes  a  faint 
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impression  upon  them.  In  strong  transmitted  light,  the  thinnest 
discs  present  a  greenish  colour.  Before  the  blowpipe,  on  charcoal,  it 
becomes  magnetic,  but  does  not  fuse  even  on  the  edges ;  with  double 
its  bulk  of  borax,  it  slowly  dissolves  into  a  dark  iron-green  glass. 
Its  composition,  as  stated  by  Dr.  Thomson,  is  as  follows : — 

Silica 38-40 

Alumina    23-68 

Peroxide  of  iron    ....  17*52 

Magnesia 8'96 

Potash 6-80 

Water    4*80 

100-16 

Ottrelite  was  discovered  by  M.  Desclozeaux,  and  analysed  by  M. 
Damour  in  1842.  A  full  description  of  it  is  given  in  the  Annates 
des  Mines  for  that  year,  vol.  ii.  p.  357.  It  occurs  in  small  discs  or 
plates,  of  a  grayish-black  or  greenish-black  colour,  with  considerable 
metallic  lustre,  disseminated  through  a  gangue  which  appears  like  a 
greenish  argillaceous  slate.  These  discs  present  no  distinct  form  in 
the  specimens  I  have  examined,  their  edges  being  rounded,  as  in  the 
case  of  the  phyllite  ;  but  Desclozeaux  has  referred  them  to  a  hexa- 
gonal prism,  or  to  an  acute  rhomboid  deeply  truncated  by  a  plane 
perpendicular  to  the  axis,  or  deeply  compressed  in  that  direction. 
He  also  obtained  a  cleavage  parallel  with  that  plane.  Minute  frag- 
ments are  translucent,  and  show  a  greenish  colour  by  transmitted 
light.  Before  the  blowpipe,  it  fuses,  alone,  with  difficulty,  on  the 
edges,  into  a  black,  magnetic  globule.  It  dissolves  slowly  in  borax, 
giving  the  reaction  of  iron,  and  with  carbonate  of  soda,  shows  the 
presence  of  manganese. 

Its  constituents  are  as  follows : — 

Oxygen.  Ratio.                Formulae. 

Silica 43-34  22-51  4 

Alumina    24-63  11'50  2     2AlSi  +  (Fe3,Mn3.)  Si2 

Protox.  of  iron    1672     3*801  +Aq. 
Protox.  of  man-                         >5-6'3      1 

ganese  ..      8*18     1-83 J*  2Al203Si03  +  (Fe3Mn03.) 

Water  5-66     5-03  1            2Si034-3H03 

98-53 

Dr.  Thomson's  analysis  affords  a  different  formula,  and,  according 
to  his  method  of  determining  the  atomic  proportions,  phyllite  is  a 
simple  silicate  (the  atoms  of  silica  and  bases  being  equal),  consist- 
ing of  nine  atoms  silicate  of  alumina,  three  atoms  silicate  of  peroxide 
of  iron,  three  atoms  silicate  of  manganese,  and  one  atom  silicate  of 
potash*.  The  occurrence  of  so  large  a  proportion  of  potash  in  the 
mineral  is  not  a  little  remarkable,  and  I  would  suggest  whether  it 

*  Outlines  of  Mineralogy,  &c,  vol.  i.  p.  384.  Dr.  Thomson's  atomic 
weights,  founded  upon  the  idea  of  Prout,  that  they  are  all  multiples  of  the 
atomic  weight  of  hydrogen  vary  somewhat  from  Berzelius's. 
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may  not  have  been  derived  from  the  gangue  of  slate,  from  which  it 
is  difficult  to  obtain  the  mineral  entirely  free.  Its  infusibility  before 
the  blowpipe  would  seem  to  show  this.  It  has  been  suggested,  also, 
that  a  part  of  the  iron  may  have  been  in  the  state  of  protoxide.  It 
seems  impossible,  without  some  such  supposition,  that  substances 
so  closely  resembling  each  other  in  all  their  physical  characters, 
should  differ  so  much  in  chemical  composition.  Now,  if  the  potash 
be  left  out,  and  the  peroxide  of  iron  be  changed  into  protoxide,  the 
ratio  between  the  atoms  of  acid  and  bases  is  nearly  the  same  as  in 
ottrelite,  if  we  unite  the  atoms  of  magnesia  and  iron  as  isomorphous 
with  each  other.  Ottrelite,  also,  is  not  easily  separated  from  its  ma- 
trix, but  the  larger  size  of  its  plates  would  seem  to  render  it  more 
easy  to  obtain  pure  specimens  for  analysis ;  and  it  is  to  be  observed 
that  Damour  repeated  his  analysis,  and  obtained  precisely  the  same 
result.  It  is  remarkable  that  Rammelsberg  has  alphabetically  in- 
serted phyllite,  but  has  given  no  formula  for  its  constitution.  It 
seems  proper  that  the  name  of  phyllite,  on  the  ground  of  its  priority, 
and  because  it  expresses  so  well  the  ordinary  appearance  of  the  mi- 
neral, should  stand,  and  that  of  ottrelite  be  abandoned*. 

Dysluite  identical  with  Automalite. 

I  am  satisfied,  from  recent  observations,  that  these  two  minerals, 
as  they  occur  in  New  Jersey,  should  form  but  one  species.  The  dif- 
ference in  hardness,  colour,  specific  gravity  and  pyrognostic  charac- 
ters, can  be  accounted  for  by  the  well-established  fact  of  the  isomor- 
phous replacement  among  the  constituents  of  certain  minerals  which 
do  not  differ  in  crystalline  form.  In  dysluite  we  have  but  thirty 
per  cent,  of  alumina,  the  acting  acid  principle  in  the  mineral,  while 
in  automalite  we  have  sixty  per  cent.  But  the  peroxide  of  iron, 
which  is  isomorphous  with  the  alumina,  amounts  to  nearly  forty-two 
per  cent.-  Now,  if  we  suppose  about  thirty  per  cent,  of  this  per- 
oxide of  iron  to  have  replaced  the  same  number  of  atoms  of  alumina 
in  automalite,  and  the  eight  per  cent,  of  protoxide  of  manganese  to 
have  replaced  so  much  of  the  oxide  of  zinc,  we  make  up  very  nearly 
the  essential  constituents  as  shown  in  the  analyses  of  automalite  by 
Ekeberg  and  Abich.  It  is  to  be  observed  that  the  latter  chemist  puts 
down  the  iron  as  protoxide  in  the  Franklin  automalite.  If  it  should 
prove  that  the  iron  exists  in  dysluite  in  both  states  of  oxidation,  the 
twelve  per  cent,  remaining  out  of  the  forty-two  may  be  protoxide, 
replacing  so  much  oxide  of  zinc.  So  that  in  this  view  of  the  case, 
the  17  per  cent,  oxide  of  zinc -f  11  per  cent,  protoxide  of  iron -j- 7 
per  cent,  protoxide  of  manganese=35  per  cent,  oxide  of  zinc,  which 
is  nearly  the  exact  quantity  found  by  Abich  in  the  crystals  from 
Franklin.     We  may  then  state  the  constituents  as  follow  : — 

*  BrooKe  has  supposed  phyllite  to  be  identical  with  gigantolite.  If  we 
compare  the  analysis  of  gigantolite  with  Damour's  analysis  above,  the  evi- 
dence of  their  identity  (supposing  ottrelite  to  be  a  purer  variety  of  phyllite) 
is  much  more  marked,  and  the  ratio  between  the  atoms  of  acid  and  bases 
is  nearly  the  same  in  each. 
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j  23-43       3 


Oxygen.  Ratio. 

Alumina 30-49         14-24  \ 

Peroxide  of  iron    30-00  9' 19 

Protoxide  of  iron 1 1-93  2-72 ' 

Protoxide  of  manganese    ..      7*60  T70  V  7-76        1 

Oxide  of  zinc    16-80  3-34  J 

Here  it  is  evident  that  the  atoms  of  acid  and  bases  are  to  each  other 
as  three  to  one,  which  is  the  case  also  with  automalite,  taking 
Abich's  analysis,  and  grouping  the  isomorphous  bases,  thus : 

Oxygen.  Ratio. 

Alumina 57*09  26'66  3 

Oxide  of  zinc     34-80  6-92] 

Magnesia 2'22  -76  >   8'72        1 

Protoxide  of  iron  ..      4'55  1-04J 

Dr.  Thomson,  the  only  chemist  who  has  analysed  dysluite,  reckons 
all  the  iron  as  peroxide,  and  as  the  principal  basic  constituent  of  the 
mineral,  which,  in  his  view,  consists  of  the  aluminates  of  iron,  zinc 
and  manganese.  Rammelsberg,  in  stating  the  analysis,  has  given 
both  oxides,  and  the  atoms  of  alumina  and  peroxide  of  iron,  as  put 
down  by  him,  are  22- 80,  and  those  of  the  isomorphous  bases — pro- 
toxide of  iron,  protoxide  of  manganese  and  oxide  of  zinc — are  7*83 
(7'89  ?) ;  thus  giving  the  same  ratio  as  that  above  stated. 

But  other  reasons  may  be  urged  why  dysluite  should  be  regarded 
only  as  a  variety  of  automalite.  I  have  seen  specimens  on  which 
there  were  crystals  well  claiming  the  name  of  dysluite,  as  well  as 
others  equally  entitled  to  the  name  of  automalite ;  while  there  were 
yet  others  evidently  passing  from  one  into  the  other, — the  bright  and 
perfect  crystals  of  automalite  gradually  losing  their  lustre,  becoming 
porous,  comparatively  brittle  and  soft.  I  think  if  these  circumstances 
had  been  attended  to  in  the  early  history  of  the  mineral,  the  name 
dysluite  would  long  since  have  departed  from  the  catalogue  of 
mineral  species. 

Polyadelphite. 

As  Dana,  in  the  new  edition  of  his  Mineralogy,  has  very  properly 
included  this  mineral  under  the  species  garnet,  I  merely  refer  to  it, 
to  give  further  evidence  of  the  correctness  of  his  opinion  from  cir- 
cumstances connected  with  its  occurrence  at  the  locality.  It  is  evi- 
dently a  granular,  imperfectly  crystallized  yellow  garnet,  and  the 
specimen  which  I  received  ten  years  ago  from  Prof.  Nuttall,  con- 
tains mechanical  mixtures  which  it  would  be  impossible  to  separate 
from  it,  so  as  to  give  us  entire  confidence  in  its  analysis.  To  these, 
I  believe,  we  may  attribute  its  departure  in  composition  from  the 
common  brown  or  yellow  garnet,  though  it  does  not  differ  much  from 
the  brown  garnet  of  Franklin,  analysed  both  by  Dr.  Thomson  and 
Mr.  Seybert. 

Beaumontite  of  Levy,  and  Lincolnite  of  Hitchcock. 

In  a  paper  read  before  the  Boston  Society  of  Natural  History,  and 
since  published  in  their  Transactions,  and  in  the  American  Journal 
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of  Science  (vol.  xlvi.  p.  235),  I  gave  my  reasons  for  classing  these 
two  minerals  with  heulandite.  That  beaumontite  is  heulandite,  I 
believe  is  no  longer  doubted  in  this  country  or  Europe.  An  analysis 
of  the  mineral  by  M.  Delesse,  has  appeared  since  the  publication  of 
my  paper*,  and  it  agrees  with  all  the  other  analyses  of  heulandite, 
excepting  in  the  slight  excess  of  silicic  acid.  In  this  respect  it  offers 
an  example  analogous  to  that  of  the  variety  of  chabasite  called  aca- 
diolite,  in  which  the  silicic  acid  forms  a  larger  atomic  proportion  of 
the  mineral,  without  causing  any  appreciable  variation  in  the  angles 
of  the  crystals.  As  to  lincolnite,  I  must  think  that  the  various 
papers  that  have  been  called  forth  in  relation  to  it  since  my  first 
communication  appeared,  have  established  its  indisputable  identity 
with  heulandite. 

Peculiarities  in  the  modifying  planes  \  have  given  rise  to  a  secon- 
dary form,  rarely  observed  in  heulandite.  These  consist  in  the  en- 
largement of  the  planes/  (Phillips),  or  e  (Dajia),  so  as  nearly  to  ob- 
literate the  primary  planes  M;  being,  in  fact,  the  reverse  of  what  we 
usually  observe  in  heulandite  from  other  localities.  In  the  measure- 
ments by  Prof.  Hitchcock  and  Prof.  Shepard,  the  angle  of  /  on  T 
was  mistaken  for  that  of  M  on  T,  and  in  the  figure  given  by  Prof. 
Hitchcock,  it  is  evident  that  the  planes  lettered  M  should  be/.  The 
true  value  of  /  on  T  is  115°  10'  (Dana) ;  Prof.  Shepard's  last  mea- 
surements made  it  116°  17'. 

Ledererite. 
I  am  compelled,  at  last,  to  declare  my  conviction  that  the  specific 
nature  of  this  mineral  can  no  longer  be  maintained.  Council's  ana- 
lysis of  an  Irish  gmelinite,  which  agrees  with  ledererite  in  all  its 
physical  and  crystallographical  characters,  has  shown  also  an  iden- 
tity in  chemical  composition.  The  phosphoric  acid  detected  by  Mr. 
Hayes  must  be  viewed  as  an  accidental  constituent,  varying  pro- 
bably in  different  crystals,  or  in  some  of  them  not  existing  at  all. 
Some  of  the  zeolites,  in  the  Nova  Scotia  trap,  have  been  found  as- 
sociated with  small  crystals  of  phosphate  of  lime,  and  it  is  not  impos- 
sible that  some  of  the  minutest  of  these  may  have  intercrystallized 
with  the  ledererite.  We  regret  that  we  have  not  been  able  to  ob- 
tain other  specimens  to  enable  Mr.  Hayes  to  give  it  a  re-examination. 
For  comparison,  I  subjoin  the  analyses  of  ledererite  and  gmelinite. 

Ledererite.  Gmelinite. 

Silica 49-47  48*56 

Alumina    21'48  18-05 

Lime 1148  6'13 

Soda 3-94  3'85 

Phosphoric  acid    . .      3*48  Potash    0-39 

Protoxide  of  iron  ..      0'14  (Ml 

Water   8-58  21'66 

98-56,  Hayes.       98*75,  Connell. 

*  Ann.  de  Chim.  et  de  Phys.  for  1843,  t.  ix.  p.  395.   Phillips's  Min.  p.  627. 

t  For  the  figures  see  Amer.  Journ.  of  Science,  vol.  xlvi.  p.  234,  and  vol. 

xlvii.  p.  416.     Corroborative  evidence  of  the  correctness  of  my  opinions 
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Now,  if  the  phosphoric  acid  in  ledererite  is  united  with  lime  as  an 
accidental  mixture,  '2\  per  cent,  of  the  lime  should  he  taken  from 
the  11*48  per  cent,  found  in  the  mineral:  this  brings  the  proportion 
down  nearly  to  that  obtained  by  Connell.  Mr.  Hayes  was  not  able  to 
determine  the  weight  of  the  water  with  accuracy,  owing  to  the  small 
quantity  of  the  mineral  operated  upon.  As  the  loss  (1*44  per  cent.) 
was  mostly  water,  we  may  suppose,  with  Rammelsberg,  that  ledererite 
is  gmelinite  containing  \  (\  ?)  its  quantity  of  water.  The  chemical 
formula  for  gmelinite  and  chabasite  is  thus  : 

(CaO,  NaO,  3KO  )2  SiCP  +  3  APC-s  2Si03  + 1 8HO*. 

Excepting  the  absence  of  striae,  and  the  shorter  dimensions  of  the 
prismatic  planes  of  its  crystals,  the  Irish  gmelinite  precisely  resem- 
bles ledererite ;  their  hardness,  lustre,  colour  and  blowpipe  charac- 
ters are  the  same.  The  appearance  of  hexahedral  cleavage,  on  which 
Dr.  Jackson  originally  founded  the  chief  claim  of  the  latter  to  the 
character  of  a  new  species,  was  only  imperfectly  produced  by  heat- 
ing the  crystals,  and  not  by  ordinary  mechanical  cleavage.  This 
could  not  be  effected,  the  mineral  breaking  in  all  directions  with  a 
vitreous  fracture.  Dr.  Jackson  agrees  with  me  that  it  can  no 
longer  be  retained  as  a  distinct  species. 

While  preparing  my  edition  of  Phillips's  Mineralogy,  I  requested 
Mr.  Hayes  and  Dr.  Jackson  to  make  several  analyses  for  me  with 
particular  reference  to  that  work.  As  some  of  these  have  not  ap- 
peared in  any  other  form,  I  wish  now  to  make  a  permanent  record 
of  them,  in  order  that  they  may  be  seen  where  they  might  not  other- 
wise reach.  The  first  are  of  the  Nova  Scotia  chabasite  (acadiolite), 
which  Hoffmann  has  distinguished  from  common  chabasite,  by  its  con- 
taining three  per  cent,  more  silica,  and  for  which  Rammelsberg  has 
given  a  formula  differing  somewhat  from  that  of  chabasite.  (See 
first  part  of  this  article.) 

52-20 

18-27 

6-58 

2-12 

20-52 
99-60,  Hayes.  99*69,  Hayes. 

These  results[agree  with  those  obtained  by  Hoffmann  f  in  his  analy- 
sis of  the  same  mineral,  the  specimens  of  which  were  presented  to 
him  by  Charles  Cramer,  Esq.  of  St.  Petersburg. 

by  the  editors  of  the  Amer.  Journ.  of  Science,  may  be  seen  at  the  pages  here 
referred  to. 

*  Handw'6rterbuc7i,\.  150.  Rammelsberg  unites  chabasite  and  gmeli- 
nite, the  first  as  soda  chabasite,  the  last  as  lime  chabasite.  This  is  in 
accordance  with  Tamnau,  who  has  established  their  identity  on  crystallo- 
graphical  grounds.  The  close  relation  of  the  two  minerals  was,  however, 
first  shown  by  Prof.  Mohs.     See  his  Mineralogy,  vol.  ii.  p.  105. 

t  Amer.  Journ.  of  Science,  vol.  xxx.  p.  366. 
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Washingtonite  of  Shepard,  analysed  by  Mr.  J.  S.  Kendall  under 
the  direction  of  Dr.  Jackson,  gave  these  results : — 

Oxygen.        Ratio. 

Titanic  acid 25-28  4-82  1 

Peroxide  of  iron 51*84  1036  2 

Protoxide  of  iron    ..    22-86  5'08  1 

99-98 
The  atomic  proportions  are  thus  nearly  one  atom  titanic  acid,  two 
atoms  peroxide  of  iron,  one  atom  protoxide  of  iron ;  or,  a  trititaniate 
of  iron,  consisting  of  two  atoms  trititaniated  peroxide  and  one  atom 
trititaniated  protoxide.  If  we  unite  the  magnesia  and  lime  with 
protoxide  of  iron  in  the  following  analysis  of  an  ilmenite  from  Aren- 
dal*,  by  Mosander,  we  obtain  precisely  the  same  result.  The  cry- 
stalline form  of  the  two  varieties  is  also  the  same,  and  there  can  be  no 
doubt  of  their  identity  as  one  species  f. 

Titanic  acid 24-19 

Peroxide  of  iron 53-01 

Protoxide  of  iron ....    19'91 1    nrj.qo 
Magnesia  and  lime  . .      T01  J 
By  referring  to  the  analyses  of  ilmenite  from  other  localities,  it  will 
be  seen  that  the  essential  constituents,  titanic  acid  and  the  two 
oxides  of  iron,  so  interchange  with  each  as  to  produce  different  varie- 
ties, but  all  having  the  same  crystalline  form. 


NOTICE  ON  CERTAIN  IMPURITIES  IN  COMMERCIAL  SULPHATE 
OF  COPPER.      BY  MR.  S.  PIESSE. 

One  source  of  the  sulphate  of  copper  of  commerce  is  the  treat- 
ment of  brass  and  German  silver  articles  technically  called  dipping, 
which  consists  in  plunging  them  for  a  short  time  into  a  mixture  of 
nitric  and  sulphuric  acids,  an  operation  which  removes  the  coat  of 
oxide  from  the  surface  of  the  metal,  and  leaves  the  latter  in  a  clean 
state  proper  for  the  reception  of  varnislTor  other  finishing.  In  time 
this  dipping  liquid  becomes  in  great  measure  saturated,  and  after 
neutralization  with  old  copper  yields  on  evaporation  in  leaden  pans 
a  large  quantity  of  sulphate  of  copper  in  crystals.  According  to 
the  author  not  less  than  100  tons  of  dipping  liquid  are  thus  disposed 
of  annually  at  Birmingham  by  the  makers  of  buttons  and  other  arti- 

*  The  hystatite  of  Breithaupt. 

f  An  acute  rhomboheclron,  P  on  P  86°  10',  for  the  ilmenite.  Shepard, 
employing  varnished  planes  of  the  washingtonite,  makes  P  on  P  86°.  Prof. 
Shepard  founds  the  distinction  on  other  than  crystallographical  characters; 
for,  he  says,  it  is  not  thus  "  shown  to  be  distinct,  in  any  essential  manner, 
from  the  axotomous  iron  ore  of  Mohs,  or  from  crichtonite  (including  ilme- 
nite) :  indeed,  it  appears  most  probable  that  all  these  minerals  are  not  only 
identical  in  their  angles,  but  are  isomorphous  with  specular  iron." — Amer. 
Journ.  vol.  xliii.  p.  365.  The  analysis,  now,  would  seem  to  destroy  the 
groundwork  for  any  distinction. 
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cles.  The  crystallized  sulphate  of  copper  so  obtained  is  often  largely- 
contaminated  with  sulphate  of  zinc,  which  may  sometimes  be  seen 
in  the  form  of  slender  white  needles  on  the  surface  of  the  dark  blue 
crystals,  and  in  some  of  the  applications  of  this  salt  may  prove  in- 
jurious. Sulphate  of  nickel,  sulphate  of  lead,  arsenic,  and  chlorides 
are  also  sometimes  present. — From  the  Proceedings  of  the  Chemical 
Society. 

ON  A  NEW  EUDIOMETRIC  PROCESS.      BY  PROF.  GRAHAM. 

Professor  Graham  described  a  new  eudiometric  process  for  the 
rapid  absorption  of  oxygen  gas  from  atmospheric  air  and  other 
gaseous  mixtures  containing  oxygen.  It  consists  in  the  employ- 
ment of  a  solution  in  ammonia  of  a  sulphite  of  the  suboxide  of  cop- 
per and  ammonia.  This  salt  falls  as  a  granular  powder,  when  a 
stream  of  sulphurous  acid  gas  is  conveyed  into  a  cold  solution  of  the 
ammoniacal  sulphate  of  copper.  When  dissolved  in  ammonia  it 
absorbs  oxygen  with  singular  avidity,  and  when  employed  in  this 
form  in  eudiometry  gives  results  of  considerable  uniformity. — From 
the  Proceedings  of  the  Chemical  Society. 


EQUIVALENT  OF  CHLORINE. 

M.  Gerhardt  observes,  that  M.  Marignac  has  made  some  observa- 
tions and  experiments  tending  to  show  that  the  atomic  weight  of 
chlorine  is  not  thirty-six  times  that  of  hydrogen,  as  he  (M.  Gerhardt) 
had  concluded,  but  somewhat  less.  M.  Marignac's  conclusions  are 
derived  from  the  weight  of  chloride  of  potassium  yielded  by  the  cal- 
cination of  chlorate  of  potash ;  to  these  results  M.  Gerhardt  makes 
the  following  objections  : — 

It  is  the  residue  of  chloride  of  potassium  obtained,  and  not  that 
of  the  oxygen  gas,  which  is  weighed  ;  and  from  the  following  causes 
the  quantity  of  chloride  might  be  too  small,  and  would  diminish  the 
atomic  weight  of  chlorine :—  a  trace  of  moisture  on  the  salt ;  a  por- 
tion of  chlorate  or  chloride  carried  off  by  the  current  of  oxygen  gas  ; 
if  the  oxygen  were  impure,  and  contained,  as  M.  Marignac  has 
stated,  a  trace  of  chlorine. 

Thus,  observes  M.  Gerhardt,  all  the  errors  which  can  be  com- 
mitted in  these  determinations  are  referrible  to  the  chlorine,  and 
give  it  in  too  small  quantity. 

From  his  experiments  M.  Gerhardt  concludes,  in  opposition  to 
those  of  M.  Marignac,  that  the  equivalents  of  chlorine,  silver  and 
potassium,  are  exact  multiples  of  the  equivalent  of  hydrogen,  that  is 
to  say, — 

Chlorine 36 

Silver 108 

Potassium 39 

Journ.  de  Pharm.  et  de  Ch.,  Avril  1846. 
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ON  HIPPURIC  ACID,  BENZOIC  ACID,  AND  THE  SUGAR  OF 
GELATINE. 

M.  Dessaignes  remarks,  that  hippuric  acid  has  already  been  the 
subject  of  numerous  researches  ;  its  metamorphoses  are  nevertheless 
so  interesting  as  to  leave  something  for  those  to  glean  who  will  study 
it.  M.  Liebig  has  shown,  that  when  it  is  dissolved  in  boiling  hydro- 
chloric acid,  it  crystallizes  on  cooling  without  having  been  altered ; 
but  if  the  ebullition  be  prolonged  for  about  half  an  hour,  it  is  decom- 
posed, and  yields,  according  to  M.  Dessaignes,  benzoic  acid  equal 
nearly  in  quantity  to  that  indicated  by  theory.  The  benzoic  acid  was 
separated  by  the  filter,  and  the  filtered  liquor  gave  by  evaporation  long, 
acid,  nitrogenous  prismatic  crystals,  into  the  composition  of  which 
hydrochloric  acid  entered  as  a  constituent  part.  These  crystals  were 
neutralized  by  carbonate  of  soda  or  carbonate  of  lead ;  and  after 
getting  rid  of  the  solution  of  chloride  of  sodium  or  chloride  of  lead, 
fresh  crystals  of  a  very  saccharine  and  azotized  matter  were  ob- 
tained ;  these  were  neutral  to  reagents,  and  formed  crystalline  com- 
pounds with  oxide  of  silver,  and  with  nitric,  sulphuric,  and  oxalic 
acids. 

M.  Dessaignes  soon  found  out  that  he  had  thus  produced,  by  a 
metamorphosis  which  might  have  been  foreseen,  the  sugar  of  gela- 
tine discovered  by  M.  Braconnot. 

Reckoning  C=150,  H=6-25,  and  N=17*5,  if  from 

C,sH18N206 
we  subtract  C14H12      O4 


we  obtain  C4  H6  N2  O2 

to  which  it  is  sufficient  to  add  1|  equivalent  of  water  to  obtain  sugar 
of  gelatine.  M.  Dessaignes  is  inclined  to  the  opinion,  that  2  equiva- 
lents of  water  should  be  added,  and  that  the  true  equivalent  of  sugar 
of  gelatine  is  O  H10  N2  O4,  as  already  indicated  by  M.  Gerhardt. 

All  the  reactions  and  beautiful  crystallizations  which  M.  Des- 
saignes obtained  with  the  saccharine  azotized  matter  from  hippuric 
acid,  convinced  him  of  the  identity  of  this  substance  with  the  sugar 
of  gelatine  obtained  from  isinglass  ;  but  in  order  to  convince  chemists 
of  this  fact,  he  thinks  it  requisite  to  analyse  the  sugar  of  hippuric 
acid.  The  metamoi'phosis  which  gives  rise  to  this  body  is  very  di- 
stinct ;  no  gas  is  evolved  during  the  reaction  ;  the  only  two  products 
are  benzoic  acid  and  hydrochlorate  of  sugar.  From  ]  00  of  dry  hip- 
puric acid  M.  Dessaignes  obtained, — 

Benzoic  acid  (dry)    67*49 

Hydrochlorate  of  sugar  (dried  over  sulphuric  acid)     59*08 

126*57 

Nitric  acid  boiled  for  twenty  minutes  with  hippuric  acid,  converts 
it  into  benzoic  acid,  and  nitro-saccharic  acid,  which  crystallizes  in 
magnificent  truncated  tables.  Nitro-saccharic  acid,  prepared  with 
the  sugar  of  isinglass,  yielded  precisely  similar  crystals. 
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Sulphuric  acid  diluted  with  twice  its  volume  of  water  also  effects 
the  metamorphosis  of  hippuric  acid  without  the  disengagement  of 
gas,  and  without  colouring  the  solution.  The  benzoic  acid  obtained 
is  very  easily  purified,  and  also  a  compound,  from  which,  by  means 
of  chalk  or  carbonate  of  lead,  sugar  of  gelatine  may  be  procured. 

M.  Dessaignes  combined,  equivalent  to  equivalent,  sulphuric  acid 
SO3  H2  O,  and  the  sugar  obtained  from  hippuric  acid,  giving  as  the 
formula  of  the  latter  C4  H10  N3  O4  ;  and  he  obtained  a  solution  which 
crystallized  in  large  prisms  of  great  splendour,  to  the  last  drop. 

A  very  concentrated  solution  of  oxalic  acid  boiled  for  two  hours 
with  hippuric  acid,  converts  it  into  benzoic  acid  and  oxalate  of  sugar, 
which  crystallizes  in  fine  prisms.  Lastly,  an  excess  of  potash  or 
soda,  boiled  for  half  an  hour  with  hippuric  acid,  converts  it  into  al- 
kaline benzoate  and  sugar,  which  was  obtained  in  the  form  of  hy- 
drochlorate,  after  having  treated  the  mixture  of  benzoate  and  sugar 
with  hydrochloric  acid. — Ann.  de  Ch.  et  de  Phys.,  Mai  1846. 


COMPARATIVE  ANALYSES  OF  ORIENTAL  JADE  AND  TREMOLITE. 
BY  M.  DAMOUR. 

The  jade  selected  for  analysis  had  been  worked  in  India ;  it  was 
of  a  milk-white  colour  and  semi-transparent,  and  had  the  appearance 
of  white  wax,  or  perhaps  rather  of  spermaceti.  Its  fracture  is  splin- 
tery ;  it  scratches  glass,  but  feebly.  Its  specific  gravity  was  found 
to  be  2-970.  Its  tenacity  is  very  great;  when  reduced  to  powder 
and  heated  in  a  glass  tube,  its  appearance  was  not  altered,  and  it 
yielded  no  water.  In  the  flame  of  the  blowpipe  it  swells  up,  and 
fuses  slowly  into  a  milk-white  enamel.  Borax  dissolves  it  without 
colour;  the  salt  of  phosphorus  dissolves  it,  leaving  a  skeleton  of 
silica.     It  is  not  sensibly  acted  upon  by  hydrochloric  acid. 

Two  analyses  gave  the  following  results  : — 

Silica    58-46  58*02 

Lime 12-06  1T82 

Magnesia 27-09  27-19 

Protoxide  of  iron . .  1*15  1*12 

98-76  98-15 

M.  Damour  having  observed  that  this  is  precisely  the  composition 
of  tremolite  (white  amphibole),  submitted  this  substance  to  the  same 
process  of  analysis  as  that  adopted  with  the  jade.  The  specimen 
which  he  selected  was  from  St.  Gothard,  and  in  colourless  crystals, 
very  perfect  and  associated  with  granular  dolomite,  which  was  sepa- 
rated by  hydrochloric  acid  previously  to  analysis. 
It  yielded, — 

Silica 58-07 

Lime 12-99 

Magnesia 24*46 

Protoxide  of  iron  . .        T82 
9734 
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From  the  similarity  of  these  results,  M.  Damour  is  of  opinion  that 
this  jade  may  be  ranked  with  tremolite ;  and  if  this  opinion  should 
be  adopted,  he  observes,  that  in  collections  oriental  jade  will  here- 
after be  classed  as  compact  tremolite.  —  Ann.  de  Ch.  et  de  Phys., 
Avril  1846. 


METEOROLOGICAL  OBSERVATIONS  FOR  APRIL   1846. 

Chiswick. — April  1.  Fine.  2.  Cloudy:  showery.  3.  Clear  and  windy: 
cloudy  and  fine.  4.  Hazy  :  heavy  rain.  5.  Heavy  rain  :  clear.  6.  Heavy  rain  : 
cloudy.     7.   Slight  rain  :  densely  overcast.     8 — 10.   Fine.     11.  Dry  haze.     12, 

13.  Cloudy  and  fine.  14.  Clear:  dry  haze  :  overcast.  15.  Densely  clouded  : 
dry  haze  :  densely  overcast.  16.  Slight  dry  haze.  17.  Foggy.  18.  Rain.  19. 
Cloudy  and  cold  :  clear.  20.  Showery  :  frosty  at  night.  21.  Foggy  :  cloudy 
and  fine.     22.  Foggy.     23.   Heavy  clouds  :  rain.     24.  Rain  :  dark  haze :  cloudy. 

25.  Hazy  and  damp :  showery :  hazy  :  foggy.  26.  Extraordinary  fall  of  rain 
early  a.m.  :  dense  clouds :  overcast  at  night.  27.  Clear  and  fine.  28.  Very  fine. 
29,  30.    Clear :  very  fine  :  overcast. 

Mean  temperature  of  the  month    47°*36 

Mean  temperature  of  April  1845  48  -41 

Average  mean  temperature  of  April  for  the  last  twenty  years  47  "19 
Average  amount  of  rain  in  April  1  *47  inch. 

Boston. — April  1.  Fine.  2.  Rain.  3  Windy  :  rain  r.M.  4.  Cloudy:  rain 
p.m.  5.  Cloudy  :  rain  a.m.  and  p.m.  6.  Cloudy.  7.  Rain.  8.  Cloudy  :  rain 
early  a.m.  9,  10.  Fine.  11.  Cloudy  :  rain  p.m.  12.  Fine.  13.  Fine:  rain 
early  a.m.  14.  Fine  :  rain  p.m.  15.  Cloudy  :  rain  early  a.m.  16 — 18.  Cloudy. 
19.  Cloudy:  rain  a.m.  20 — 22.  Fine.  23.  Fine  :  rain  a.m.  24,  25.  Fine.  26. 
Cloudy  :  rain  a.m.  27.  Fine:  rain  a.m.  28.  Cloudy.  29.  Fine:  ice  this 
morning.     30.   Cloudy. 

Sandtvick  Manse,  Orkney. — April  1.  Snow  :  clear.  2.  Showers  :  clear.  3. 
Snow-showers.  4.  Snow-showers:  frost:  snow-showers.  5.  Showers.  6.  Showers: 
clear  :  aurora.  7.  Clear  :  drops.  8.  Cloudy :  clear.  9.  Bright :  cloudy.  10. 
Bright:  showers.       11.    Bright:  rain.      12.  Fog:  damp.       13.  Damp  :  drizzle. 

14.  Clear.  15.  Fog  :  cloudy.  16.  Cloudy.  17.  Cloudy:  damp  :  fog.  18.  Rain  : 
clear.     19 — 21.   Fine:  clear.     22.  Clear:  cloudy.     23,24.  Clear.     25.   Cloudy. 

26.  Sleet  showers  :  hail-showers.  27.  Bright  :  cloudy.  28.  Hail-showers  : 
cloudy.     29.  Snow-showers  :  clear.     30.   Cloudy  :  clear. 

■dpplegarth  Manse,  Dumfriesshire. —  April  1.  Wet.  2.  Wet  a.m.  :  cleared  and 
fine.  3.  Wet  a.m.  :  cleared.  4.  Slight  showers  :  frost  a.m.  5.  Fair,  but  chilly. 
6.  Fair,  but  very  bleak.  7.  Fair.  8.  Fair :  frost  a.m.  9.  Fair  :  frost :  fine. 
10.  Fine.  11.  Rain  all  day.  12.  Rain  p.m.  :  thunder.  13.  Frequent  heavy 
showers.  14.  Frequent  heavy  showers  :  hail:  fine  p.m.  15-  Frequent  heavy 
showers:  rain  all  day.  16.  Very  fine  spring  day.  17,  18.  Dropping  day. 
19.  Fair,  though  chilly.  20.  Frost,  slight:  fine.  21.  Hoar-frost:  rain  p.m. 
22.  Slight  showers.  23,  24.  One  slight  shower.  25.  Heavy  shower  :  fair  p.m. 
26.  Slight  shower :  fine.  27.  Slight  shower :  frost  a.m.  28.  Frost  a.m.  :  fine. 
29.   Frost  a.m.  :  a  slight  shower.     30.   A  dropping  day. 

Mean  temperature  of  the  month    45°"6 

Mean  temperature  of  April  1845  48   *2 

Mean  temperature  of  April  for  twenty-three  years   44  '2 
Mean  rain  in  April  for  eighteen  years 1  '69  inch. 
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